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ABSTRACT
One of the greatest potentials for enhancing the economic return and the sustainability of
neighborhood developments is the visual quality. This is determined mainly by the maximizing
the access to favorable views and minimizing the visual impact values. Furthermore, improving
the visual quality will have a direct impact on the profitability of any neighborhood development
project as well achieving points for certain sustainable rating systems such as LEED (Leadership
in Energy and Environmental Design). The visual quality is a function of the carrying capacity or
density for a certain neighborhood and influences the pricing strategy of the units in the
development. This research aims at maximizing the profitability of neighborhood development
projects while enhancing the visual sustainability parameters by determining the best number,
location and orientation of the units in the neighborhood development. To achieve this goal, a
spatial evolutionary model was developed and related to LEED ND standards. The developed
model works on assisting real estate developers in building green neighborhood development and
implementing competitive pricing strategy. This model is developed after conducting an
experiment to quantify the cost impact associated with the selected visual quality parameters. The
optimal layout of the units which optimizes the multi-objective criteria of profitability and visual
quality is determined by applying a genetic algorithm. The site boundaries, number of units, and
internal unit design, among as treated, as constraints. The developed model named SAT (Spatial
Analysis Design Tool) is capable of producing schematic designs, including the arrangement and
configuration of the units in the neighborhood development considering the pricing strategy for
real estate developers.
Keywords:
Visual Impact and Access to Views Indices, Sustainable Development, LEED ND, Competitive
Pricing Strategy, Genetic Algorithms, Neighborhood Development
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1. INTRODUCTION
Chapter Overview
Throughout recent years, quality of life issues have become a crucial topic that alerts mid
and high class tenants in neighborhood developments. These issues together create viable
and livable communities and develop healthier societies. The importance of visual and
spatial quality within neighborhoods developments is introduced over this chapter. The
chapter starts with a brief background about sustainable communities’ considerations and
sheds a light on the importance of investigation, and the research purpose and objectives.
In this chapter, a depiction of ideal green urban and pattern design considerations is
discussed highlighting one of the worldwide codes that gives guidelines and
recommendations towards sustainable communities, Leadership in Energy and
Environmental Design (LEED). Visual quality parameter of neighborhoods development
that is underestimated by developers is discussed.

1.1 Background-Defining Sustainable Development and Urban Design
Principle
Sustainable communities, based on the Center of ecological living and learning (CELL),
are the “communities that are planned, built, or modified to promote sustainable living;
sustainable living is a lifestyle that attempts to reduce an individual's or society's use of
the Earth's natural resource and his/her own resources” (C.E.L.L., 2011). Sustainability
itself is expressed as “meeting present ecological, societal, and economical needs without
compromising these factors for future generations (WCED, 1987). Therefore, sustainable
living can be explained as living within the innate carrying capacities that are defined by
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the triple bottom line: social commitment, environmental aspects and economy.
Definition of sustainable development and aspects are summarized in (Table 1).
Table 1: Definitions of Sustainable Development and Aspects (Howard, 2000)

Thus, we can recognize that living within green/sustainable communities, needs design
and development decisions to be taken prior to the execution or living within. Sustainable
design practices encompass the development of appropriate technologies and living style
which in return should match the growth and the desirable land use that carries the
growth capacity (Wheeler & Beatley, 2004). Sustainable development is the use of new
hybrid technologies in infrastructure, facilities, land use, innovative design, indoor
quality, water, material and energy efficiency that are utilized to operate such
development.

2

1.1.1 Impact of the urban design on visual and Spatial Quality
One of the greatest concerns that would highly enhance the quality of neighborhoods and
the visual spatial quality within a certain living space is the urban pattern and design.
Urban pattern and design standards are responsible for creating the identity of living
neighborhood developments and enhancing the economic and physical characteristics of
neighborhoods. The perception of a neighborhood development is defined by the pattern
of natural resources, physical features, districts, clusters arrangements, greenery, special
use areas, street patterns, and transportation corridors. The visual spatial quality of a
space is how the space characteristics have an effect on each other whether positively or
negatively in terms of visual impact. The more the urban pattern works on creating
vitality of amenities in focal points with a less negative quality spatial image, the more it
is developed, improved, and sustainable. This is called the Visual Quality Parameter. The
broad urban guidelines of the sustainable urbanization are to create an urban, transitoriented, open space, recreation facilities pedestrian-friendly residential neighborhood
with accessibility to outdoor living and exercise.
1.1.2 Urban pattern and design standards
Worldwide developers and investors have started being more oriented to build green
communities and sustainable developments as much as they can afford. This type of
neighborhoods offers dwelling units that are located near shops, schools, recreation areas,
workplaces and other daily destinations. These living spaces are pleasant, convenient and
are safe for walking and cycling activities. This helps tenants reduce driving costs,
minimize carbon footprint generated and enjoy the health benefits of walking and cycling
in a mixed used neighborhood. This approach is called green thinking as it considers the
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triple bottom line matters and works on enhancing the quality of livable communities.
Further to this, most of developers and investors don’t just consider and apply green
concepts in their development; they work on getting certified by known standards in
sustainability and environmental commitments.
Standards were established to address sustainable development principles in all types of
developments “new construction, hospitals, commercial, renovation, homes.etc”. LEED,
the American standard, is currently the most significant standard that is applied
worldwide and analyzed to comply with the disparity of cultures and natures among the
whole world. It has established a series of checklists and considerations for each building
type separately. Regardless of the standard’s field area, it is necessary to develop
sustainable building technologies that are applicable to various climatic changes,
economic conditions, and residential customs in each country, as well as to be sustainable
for most occupants and owners. (Table 2) shows several examples of green building
standards

Table 2: Examples of Green Building Standards (Office, 2008)
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1.2 Visual Quality
Two main indices are used to define the visual quality parameter of any given livable
space. The same parameters can be defined for all the spaces in a residential unit and in
similarly for all the units in a neighborhood development. The aggregation of these
parameters over the entire neighborhood represents the total visual quality for the entire
neighborhood; these two indices are:
1.2.1 Visual Impact
Visibility between dwellings and visual resources within the neighborhood development
has different definitions and weights in the various sustainability standards such as
LEED, BRE Environmental Assessment Method (BREEAM)...etc. This research focuses
on the visibility aspects and analyzes how they can be measured and quantified by
developing a model that can be used in determining how the implementation and
consideration of these parameters would affect the LCCA of a neighborhood
development. Visual impact here is defined as the degree of inter-visibility between the
openings of two building spaces.
1.2.2 Access to views
Visibility is related to buildings’ interior design. In office buildings, it is often ideal for
spaces to have views to the outside. A number of studies suggested that having access to
views is highly desirable for tenants and employees in specific as it leads to increased
productivity and general tenants’ well-being or employees productivity and motivations.
Accordingly, green standards started to encourage this concept and added it to checklists
and rating system. Here, access to views is defined as the inter-visibility of any living
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space and the favorable views such as natural views which are sometimes also referred to
as premium views by real estate developers.
This study combines the visual impact of units and access to views indices and conducts
visibility analysis that leads to quantifying these indices and applying them to LCCA of
new green neighborhoods’ calculations.

1.3 Current Situation
Scanning the surrounding business environment and the concurrent situation of real estate
sector shows the growth rate of the sector and the extensive need of building new
developments to adhere to the upcoming generations. The recognition of sustainable
livable communities is becoming wider and green standards are continuously modified
and updated to adopt all regions and environments. Developers are in need of having
more sufficient and reliable tools and means to generate new green developments.
Developers are expanding; they seek competitiveness to succeed and well position
themselves in the market.

1.4 Problem Statement
Real estate developers need a quantitative decision making support tool to create green
communities and a constructive pricing strategy for building and promoting these
communities. A strategy which puts them at a competitive edge in the market and
provides optimized outputsthat merge between lowering prices and providing uniqueness.
Visual quality paramter that aims at having a high quality visual environment in
neighbrohood developments is not adequately measured in neighborhoods’ modeling and
analysis. Visual impact, access to views and carrying land capacity indices take the least
priority in design considerations.
6

Current land use within the leapfrogging urban growth on city outskirts calls for more
efficient land use development strategies. Urbanization of the Neighborhood
development has been a point of discussion and debate since a long time and the idea of
having a mixed land use while having a low density is vague and not revealed yet. As a
basis of sustainable development approach, these needed strategies should be balancing
economy, environmental protection, and social equity. As for Economy, an optimized
land use reflects better solutions for owners to get a maximum profit from the investment
while using less energy to run the development. As for environmental concerns, an
optimized land use means less use of material and energy depletion, larger greenery and
day lighting. Finally, as for the society, it is to have a healthier and safer surrounding that
gives more access to visual resources from the dwellings units while minimizes the visual
access between them.
It is expected that as the number of units per acre (density) in neighborhood development
increases, the total construction cost would subsequently increase and in the same time
the visual quality parameter for the entire neighborhood will decrease. Since the selling
price of the units is function of visual quality parameter, the relationship between the
total revenue or the profitability of the project will be directly affected as shown in
(Figure 1).

Figure 1: Theoretical Assumption
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It is worth mentioning that the optimization of the visual quality parameter and adhering
it in the neighborhood planning gives better solutions even in high density neighborhood
with no cost implication. Finally, the point that maximizes the profit and enhances the
visual quality parameter (VQP) is the optimum state of the neighborhood design which
should be targeted.

1.5 Research Objectives
The objective of this research is to support real estate developers in creating green
neighborhood developments and implementing competitive pricing strategy. This has
been achieved by developing a decision support tool that can assist them in enhancing the
visual quality parameter which is a function of the number, location and orientation of the
units in the neighborhood development. In addition, the tool is related to LEED-ND
standard and works on maximizing the profitability of neighborhood development
projects.
A spatial evolutionary model that seeks the optimal layout of the units which optimizes
the multi-objective criteria of profitability and visual quality. The developed model
named SAT (Spatial Analysis Design Tool) is capable of producing schematic designs,
including the arrangement and configuration of the units in the neighborhood
development considering the pricing strategy for real estate developers.

1.6 Scope of Research
The scope of the research covers the quantification of visual quality parameter and how
separately this parameter can affect the neighborhood units’ prices. The scope is aimed at
real estate developers who are aiming at maximizing the visual quality of neighborhoods
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while maximizing the profitability of their projects. This is done by determining the land
carrying capacity of the neighborhood development with respect to sustainable standards
and recommendations. The research focuses on the arrangement, number and the
configuration of the units in the neighborhood development; the actual design of the unit
is outside the scope. The Pricing strategy is constructed through an experimental
approach (designing a visual questionnaire) as discussed in chapter 4. This experiential
approach is used for building the pricing strategy embedded inside the developed model
as discussed in chapter 5. The scope of the research is also limited to residential
neighborhood developments which are in order of 3-4 stories height which are typical in
developing countries such as Egypt. This model can be used as a decision support tool in
the pre-design and design phases of middle-class neighborhood developments. Visual
quality parameter is quantified and optimized due to its affect on the investment cost of
neighborhood developments.

1.7 Methodology of Research
The key concept of the research methodology is to quantify the cost of having visual
quality environment in neighborhood developments. In order to achieve the above stated
objective, the research methodology is divided into four main interrelated processes as
shown in (Figure 2). (1) Initially a comprehensive literature review was carried out
focused on space optimization, visualization, real estate marketing strategy, and
sustainable rating systems. This was followed by developing (2) a mechanism for
measuring visual quality parameter (VQP) and (3) a questionnaire to test the importance
of VQP which consists of (visual impact and access to views) to middle-class tenants
(potential users) for better consideration during the pre-design and preliminary design
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phases. A linear regression was conducted to analyze the relation between the (1/ Visual
Impact) value multiplied by access to views value (Natural resources) versus the pricing
strategy of neighborhood units. Finally, (4) a decision support model was developed
based on calculating the degree of visibility in neighborhood developments to provide the
users with optimum space arrangement and a constructive pricing strategy. The cost
function of the developed model evolves between the visual impact, access to views, land
carrying capacity and the units’ cost. The developed model named SAT- (Spatial
Analysis Design Tool) is capable to produce schematic design for neighborhood
developments while giving a pricing strategy for real estate developers.
Litrature Review
(Chapter 2)

Visual and Spatial
Quality

Visual Impact
(Privacy Index)

Measuring
(Chapter 3)

Quantification
( Chapter 4)

Visual
Questionnaire

Optimization
(Chapter 5)

Access to views
(Natural Resources
Percentage of Exposure)

Regression
Analysis

Weighting
NR

Decision Support
Design Tool-(SAT)
Figure 2: Research Methodology Outline

1.8 Organization of Chapters
Chapter 1 introduces the thesis framework by identifying the problem statement, research
objectives and scope and research methodology. It illustrates on visual impact and access to
views indices definitions in neighborhood development and gives a brief background on
sustainable communities’ considerations. An introduction of one of the sustainable standards,
LEED, that gives guidelines and recommendations for better communities.
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Chapter 2 presents the primary research published on this topic by accredited scholars and
researchers. This study is not a Greenfield one; it’s a continuity of former scholarly research.
Previous research and attempts that were conducted in this area are presented highlighting the
used tools and their applications.
Chapter 3 presents the visual quality parameter measurement. Visibility measures are
identified and the definition of visual access and visual resources are clarified.
Chapter 4 presents an approach to the quantification of the visual quality indices ( visual
impact and access to views) This is done by measuring the level of interest within this class
with regard to visual impact and access form the cost function of the software.
Chapter 5 goes through SAT, a decision support software that is developed to assist planners
in the schematic design phase of neighborhood developments to produce green livable
communities. Software logic and algorithms are displayed to show the methodology of
creating the model and the form of its end result.
Chapter 6 presents SAT model validation and verification while chapter 7 proposes SAT case
study, results and output of the model. Analysis and discussions after the case study and SAT
validation is also conducted. Finally, chapter 8 summarizes the research conclusion and
future recommendations for the upcoming researchers to better enhance the neighborhood
developments quality of visual environment.

2. LITERATURE REVIEW
Chapter Overview
This research focuses on incorporating optimization functions into suburban land
carrying capacity decision making and design generating processes in order to facilitate
creating and determining new forms and patterns that are responding to varied designs.
The main objective of this chapter is to examine and evaluate what has been achieved on
11

this matter, identify the gap between the former studies and this study, and finally show
the importance and the aim of this study and further future work. The main features of
former scholarly findings and research are summarized and are related to sustainable
neighborhood developments typologies, models, and concepts as in how to create,
develop, and produce green communities.

2.1 Definitions and Fundamentals (Sustainability)
The Visibility Analysis and Visual Impact within neighborhood developments definitions
are introduced in this part followed by urban planning and green communities’
fundamentals terminology. The definitions include terminology regarding the Visibility
idiom, range, and the relation between the sustainable development concept and the
visibility in broad meaning.
2.1.1 Visibility Idiom
Visibility is the fact, state, or degree of being visible to be the greatest distance under
given weather conditions in which it is possible to see without instrumental assistance.
(David A. Atchison 1, 2004)
2.1.2 Cone of Vision- ConeofV
The cone of vision-COV is explained as the cone-shaped field of vision which is
normally about 60†. This cone extends from the eye to the world beyond (Figure 3). The
Central Visual Ray-CVR is the centerline of the cone. If the cone extends beyond 30† in
a perspective drawing, the extremities of the image tend to become distorted. Whether
looking up, down or sidewise, CVR is always parallel to the line of sight (shapelyforms,
2006).
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Figure 3: Depicting Human Cone of Vision (shapelyforms, 2006)

2.1.3 Visibility Range
Punctum Remotum is a definition of the farthest/ most distant point at which the eye can
focus. This distance is measured to be 60 meters no more in the condition of clear vision”
sunlight- no FOG- and no obstacles”. Within 60- meters of the object, the Emmetropic
Person “a person who can sharply focus with the eye lens in neutral or relaxed state
without using any medical instruments” can see and perceive a picture of an object in
detail. Accordingly the visibility range is set to be 60 meters as anything beyond this
range will be disregarded and neglected (shapelyforms, 2006) .
In chapter 4, the questionnaire analysis is based on measuring visual impact within 20
meters, 40 meters, 60 meters, and 80 meters as a visibility range while giving low priority
to the calculations of anything beyond the 60 meters.
2.1.4 Urban planning/ urban biodiversity
Urban planning is a mixture of science and art. It encompasses many different disciplines
and brings them all under a single umbrella. The simplest definition of urban planning is
that it is the organization of all elements of a town or other urban environment. However,
when one thinks about all the elements that make up a town, urban planning suddenly
seems complicated.
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2.1.5 Sustainable Dwelling Units
Moving from “green building” to “green development,” moving from environmental
impact one building at a time. As discussed in chapter 1, Standards and rating systems
have started appearing on surfaces regarding neighborhood development approach by
giving a recipe to further to build smart growth and have sustainable dwellings. LEED
ND is one of these products that is greater in scope and is likely to have a much broader
impact. As was shown in the Chapter 1, putting the visual impact into consideration when
evaluating dwelling should be counted during the feasibility study.
2.1.6 LEED for Neighborhood Development (LEED ND)
As per LEED-ND (Council U. g., 2009), this standard focuses on the site selection,
design, and construction elements that bring buildings together into a neighborhood and
relates the neighborhood to outer urban pattern and larger regional context. This standard
has four main categories that compile all points of focus (Figure 4). LEED ND creates a
label, as well as guidelines for design and decision making to serve as an incentive for
better location, design, and construction of new residential, commercial, and mixed use
developments.

Figure 4: LEED Programs-LEED ND Credit Categories (Council, 2004)

The main reason behind building sustainable communities with LEED is that population
growth has become an intrinsic problem in developed and developing countries which in
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return urges all liable developers and investors to work on combating the typical sprawl
development in order to reduce its impact and create more green communities.
LEED-ND gives preference to locations that are closer to existing town and city centers,
sites with good transit access, infill sites, previously developed sites, and sites adjacent to
existing development. Typical sprawl development, low-density housing and commercial
uses located in automobile, dependent outlying areas can harm the natural environment in
a number of ways. It can consume and fragment farmland, forests, and wildlife habitat;
degrade water quality through destruction of wetlands and increased storm water runoff;
and pollute the air with increased automobile travel.
2.1.7 Development Density & Community Connectivity
LEED-ND has inimitable characteristics for its checklist and rating system that are
concerned with not only the dwelling units and the technology applied within, but also
with the location, orientation of living units, the carrying capacity of the land (FAR- Foot
area ratio), green areas percentage, Open space ratio (Solid and Void ratio), diversity,
buildable area environmental limitations and regulations, automobile trips, and Go-work
walk-able distance. In other words, LEED encourages having healthier living spaces and
creating a compact development that has good connections to nearby communities with a
minimum use of automobile dependence in daily usual trips. Research has shown that
living in a mixed-use environment within walking distance of shops and services results
in increased walking and biking, which improves cardiovascular and respiratory health
and reduce the risk of hypertension and obesity.
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2.2 Life Cycle Costing (LCC)
Building green is an opportunity to manage resources responsibly throughout a
structure’s life cycle. Two of the main primary concerns of Architects and Contractors
have always been related to constructing the desired design concept within a certain
period of time while maintaining the minimal execution cost. But considering only these
parameters is insufficient to build a clear financial Model that investigates the IRR
(Internal Rate of Return) that decides whether the project is profitable or not. Other
economic parameters related to the building facility management are considered in a
formula which is called the Life Cycle Costing methodology (Abaza, 2002). The
summation of the initial cost of a facility added to the future estimated cost associated
with the construction and operation costs (operation, maintenance, repair, replacement,
and disposal costs) over a period of time is called facility Life cycle costing (Figure 5).

Most of the researchers focus
on 5:the
use phase
of(Abaza,
the LCCA
Figure
Definition
of LCC
2002) for buildings, while giving
little care to pre use phase that includes the Feasibility Study of the project and the budget
development (Abaza, 2002).

2.3 Automated building layout system
The use of algorithm in solving architectural problems is considered to be an unrevealed
application. Nassar in his latest publication has highlighted the essential use of
evolutionary algorithm application in developing better designs and architectural
concepts by recognizing the implication of theorems on the possibilities of design. A two
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dimensional graph analysis was conducted integrating GA application as a search
technique. During the preliminary design stage, many ideas and concepts appear on the
surface, and the designer has to come up with an optimum design that provides an
architecturally acceptable shape and function (Nassar, 2010).

2.4 Real estate competitive Strategy
The pricing strategy is considered to be one of the main players in any industry that
dramatically affects the success of a business. Real estate is not considered an industry;
it’s a whole sector of the economy. This sector manages the economy by controlling the
upstream and downstream services which compose many distinct businesses in the
market. Each sector has its own economic logic that tends to have special fundamental
attractiveness. The competitive strategy of a business has two main pillars: the first one is
how to be attractive. In the real estate field, how attractive your development is in the
market has to be examined by developers and regularly studied and amended over time in
order to have a competitive edge. The second basic pillar is to position the firm/service/
product in the market to be a superior performer. As we can conclude from the literature
review, putting a strategy for any kind of business is a choice. The owner has to decide
the way he should follow to excel in his field of competition. To compete in the market
the owner has to find the right position and sell attractive outputs that would lead to his
success. In certain times, the owner may refuse a project or a bargain and this is not
always a mistake; if the owner is willing to do anything that looks economic, that’s a
danger signal (Porter, 1989).
On the other hand, after conducting some interviews with real estate international
developers in Egypt, it was found that they don’t have a constructive pricing strategy.
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Location preference pricing strategy is conducted by business development and sales
specialists who work on configuring the development edges and start weighting them
based on their own past experience to form at the end an empirical methodology that is
implemented in the entire firm’s development. This technique has a main desire which is
maximizing the owner profit with minimum expenses.

2.5 Real-Estate Developer Uses Geographic Data Visualization
It is widely accepted that accurate 3D simulations aid communication and decision
making between stakeholders of diverse disciplines. The availability of more accessible
and affordable 3D computer modeling and Virtual Reality (VR) technologies is set to
contribute to the more frequent adoption of 3D interactive simulations for design,
development and planning processes. It is becoming increasingly common for spatial
analysts to employ such visualization methods in the exploration, analysis, and
presentation of spatial data. Studies were conducted to evaluate geographic
visualization’s utility as a tool for the spatial analysis of urban social dynamics, and
examine the ability of test subjects to recognize the relative strength of relations among
urban social data while viewing animated cartographic representations of a changing
socioeconomic landscape. Results from this research support assertions that geographic
visualization serves as a valuable companion methodology to quantitative spatial
analysis, and also provide evidence that geographic visualization can be useful in the
exploration and analysis of urban social landscapes. (R.M., August 2003)

2.6 Optimized construction layout
The application of GA has been applied formerly in solving construction site layout
facilities. This application was due to the importance of having appropriate site layout of
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temporary facilities to enhance productivity and safety on construction sites. It is a
complex problem and in recent years researchers have attempted to solve it using a
variety of optimization-based and heuristic-based techniques. In a study conducted by
Hegazy, a genetic-algorithm based model for site layout planning was presented and
analyzed. This model which is called (EVOSITE) because of the use of evolutionary
algorithms, has several advantages. It is applied to any user-defined site shape; it
accounts for the user preference in the relative closeness among the facilities; and it
incorporates a genetic algorithm procedure to search for the optimum layout in a manner
that simulates natural evolution. EVOSITE uses excel Microsoft office intuitive
spreadsheet. The representation of site and the facilities are in a two dimensional grid.
GA is applied to automate the evolution of the layout solutions. (Tarek Hegazy, 1999)

2.7 A gap in the Literature
After summarizing what has been reached through former studies and done in the
literature, these data need to be compared and connected to this research objective and
its’ problem statement.
2.7.1 Genetic Algorithms in Site Layout problem
Former researchers used the application of GAs in solving construction site layout
facilities arrangement problems. This is done by seeking the optimum arrangement that
provides minimum trip distance between facilities for better working efficiency and
transportation time. In this study, the application of GAs is utilized to solve site urban
pattern of neighborhoods. The problem is not related to construction site facilities, it
contributes to some miscounted visual quality parameters by real estate developers that
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need to be considered and applied during pre design stage of neighborhood
developments.
2.7.2 Pricing Strategy
As it can be observed from the literature, there is no constructive strategy that is being
applied by real estate developers to price their new developments.
2.7.3 Quantification of Visual Impact/ Access to views
From a theoretical point of view, the quantification of the visual quality parameter of
neighborhood developments has not been analytically corroborated in previous literature.
On the practical side, in past and present market practice, real estate developers don’t rely
on a constrictive pricing strategy for visual quality parameter. Price estimates of
neighborhood units are subjective and lack an efficient tool to measure the visual quality
parameter.
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3. MEASURING VISUAL QUALITY
Chapter overview
In this chapter, the measurement of visual quality parameter is presented. Several
mechanisms exist to measure the degree of visibility between objects. One of these
mechanisms is the calculation of Actual Visible Area (AVA) of the tested objects which
is utilized in this research. The measurement approach is generic as it can be
implemented in any model. One of the building performance analysis software was
selected to conduct the visibility analysis. This chapter presents the calculation
methodology to calculate (AVA).
3.1 Measuring Visibility
A commercial tool was used to simulate the visual impact in a 3D analysis (ECOTECT,
2010). These analyses are based on cone of vision calculations (Figure 3).

The

development of the idea passed through several stages. The first attempt was to calculate
the visual quality through dwelling unit by using Excel Microsoft office. A two
dimensional study was conducted to calculate visibility analysis within units in terms of
(visual impact-VI) and natural resources (NR percentage of exposure).
The main drawback of this mean was the inability to analyze 3D calculations. Cone of
vision is measured by actual visible area seen in 2D plane which is not real. It can just
calculate it in a two dimensional plane (Figure 6). This trial is based on drawing a
triangle that forms the cone of vision in the x plane from the tested window of every unit
in the arrangement.
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Figure 6: 2D analysis by Excel

The study was based on examining and calculating the intersection of cone of visions
where the following outputs are expected (Table 3):
Table 3: Model design considerations

1
2
3
4
5

The program is developed to measure the visual quality within
neighborhood development
Units should not intersect with the land’s fence or with each other
Relations between units within the layout is classified as follows:
( very close, close, and far)
Orientation of the units is directed based on the visibility
measures between units
Location of the unit is prioritized based on the visbility measures
between units.

3.2 Spatial Visibility
3.2.1 Introduction
The ability to calculate the visibility of objects from different points around the model
can be very useful as a site planning tool as well as in determining which areas in a room
have adequate views to the outside through windows and openings.
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A new application in visibility analysis measurement is introduced and newly explored in
this study which is to determine the visual impact in neighborhood developments. This
calculation is applied by setting the grid over the unit needs to be visually tested (Unit X)
in terms of visual impact and also select all other units which will be seen by unit X.
Visibility in ECOTECT is classified as two main issues (Visual impact and Access to
views). This classification depends on many factors; allocation of objects being tested,
their number, from where they are tested….etc. It has two main known applications: The
first one is the site visibility. This type of analysis is designed to test the degree of
visibility of specific elements within a site. It is done by setting up the analysis grid over
the land and selects the objects to be visually texted. The second application is the access
to outside views where LEED V3 2009 rating system contributes credits and points in its
checklist to buildings that have an access to preferable outside views. In this application
analysis grid is adjusted to cover the room’s floor that needs to be tested and select the
window through which the access may occur.
3.2.2 Visibility measurement mechanism
Visibility analysis mainly depends on activating the Analysis grid dialog to perform the
visualization. This dialog shows all details needed to be adjusted by the user to perform
the analysis (Gird location, grid size, type of calculations…etc). Also the user has to
choose the grid scale as the smaller the segment size the more accurate the calculation
will be, but the longer it will take to complete.
3.2.2.1 Analysis Grid and Values:
Each selected surface/window is first sub-divided into a series of sampled points (Figure
7). Similarly, lines are allocated in a series of points along each segment. The visibility of
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each sample point from each node in the analysis grid is then calculated and summed in
the data for each node. Grids values calculations are carried out; in the following lines a
brief about these calculations is presented.
Line-of-sight rays are traced from each grid node to each surface sample point. Each ray
begins at the grid node with a value of 1.
This value is then multiplied by the transparency of each intervening object that lies
between the two end points and is intersected by the ray.

Figure 7: ECOTECT Analsysi Grid working mechanism

When calculating visible area, each ray value is multiplied by the cosine of the
intersection angle at each surface sample point on planar objects (Figure 8). This means
that surfaces viewed at grazing incidence contribute less relative area than those viewed
at normal incidence - based on the cosine law. Thus an observer viewing an object at an
angle of 60 degrees to its surface normal sees only 1/2 its surface area, whilst at an angle
of 90 degrees the viewer sees nothing. In calculating the actual visible area between two
objects, the bigger the incidence angle, the less visible area can be seen from the surface
(Figure 9).
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Figure 8: Angle of incidence

Figure 9: Incidence Angle illustration

3.2.2.2 Means of calculations- Actual Visible Area (AVA)
To calculate the visibility degree, there are three different ways to present the data and
visibility values of a selected object (Figure 10). The three ways are explained in brief
showing their means of calculations; based on the application’s objective the mean is
selected.

Figure 10: Means of Calculating Analysis Grid data



Actual Visible Area

This gives the total surface area of the tested objects visible from each point. This takes
into account the view angle of each surface as described above and, in the case of views
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outside, the relative transparency of each window. Point and line objects do not
contribute at all to this value.



𝑻𝒐𝒕𝒂𝒍 𝒔𝒖𝒓𝒇𝒂𝒄𝒆 𝒂𝒓𝒆𝒂 𝒐𝒇 𝒂𝒍𝒍 𝒕𝒆𝒔𝒕𝒆𝒅 𝒐𝒃𝒋𝒆𝒄𝒕𝒔
𝒗𝒊𝒔𝒊𝒃𝒍𝒆 𝒇𝒓𝒐𝒎 𝒆𝒂𝒄𝒉 𝒑𝒐𝒊𝒏𝒕[ 𝒂𝒓𝒆𝒂−𝒎𝟐]
𝒕𝒐𝒕𝒂𝒍 𝒏𝒐.𝒐𝒇 𝒏𝒐𝒅𝒆𝒔 [𝒏𝒐.]

Percentage Exposed Objects

= 𝒂𝒗𝒆𝒓𝒂𝒈𝒆 𝒗𝒂𝒍𝒖𝒆 [𝒎𝟐. ]--- (3.1)

This is the sum of the percentage of each object actually visible, without consideration of
view angle. Thus, if two objects are being tested and a grid node can see 25% of the
points on the first and 50% of the points on the second, then the Percentage Exposed
Objects is simply 25% + 50% = 75%. Thus, each object has a relative weighting of 1.0,
irrespective of their relative area. This allows you to select multiple point objects as well
as surfaces and determine the visible object count.
𝑻𝒉𝒆 𝒔𝒖𝒎𝒂𝒕𝒊𝒐𝒏 𝒐𝒇 𝒕𝒉𝒆 𝒑𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 𝒐𝒇 𝒆𝒂𝒄𝒉 𝒐𝒃𝒋𝒆𝒄𝒕 𝒂𝒄𝒕𝒖𝒂𝒍𝒍𝒚 𝒗𝒊𝒔𝒊𝒃𝒍𝒆 [ % ]
𝒕𝒐𝒕𝒂𝒍 𝒏𝒐.𝒐𝒇 𝒏𝒐𝒅𝒆𝒔 [𝒏𝒐.]



Percentage Exposed Points

= 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑣𝑎𝑙𝑢𝑒 [ % ]---- (3.2)

This value is simply the percentage of all sample points on all tested objects visible from
the grid node. Thus, if two objects are being tested and a grid node can see 100 of the 400
points on the first and 600 of the 1200 points on the second, then the Percentage Exposed
Points is simply (100+600) / (400+1200) = 43.75%. This essentially weights each object
by its relative surface area, where point and line objects contribute only the number of
sample points they contain.
𝑻𝒉𝒆 𝒔𝒖𝒎𝒂𝒕𝒊𝒐𝒏 𝒐𝒇 𝒂𝒍𝒍 𝒗𝒊𝒔𝒊𝒃𝒍𝒆 𝒑𝒐𝒊𝒏𝒕𝒔 𝒊𝒏 𝒂𝒍𝒍 𝒐𝒃𝒋𝒆𝒄𝒕𝒔
𝒕𝒉𝒆 𝒑𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 𝒐𝒇 𝒂𝒍𝒍 𝒔𝒂𝒎𝒑𝒍𝒆 𝒑𝒐𝒊𝒏𝒕𝒔
𝒃𝒆𝒊𝒏𝒈 𝒕𝒆𝒔𝒕𝒆𝒅[𝒗𝒊𝒔𝒊𝒃𝒍𝒆]
𝒊𝒏 𝒂𝒍𝒍 𝒕𝒆𝒔𝒕𝒆𝒅 𝒐𝒃𝒋𝒆𝒄𝒕𝒔 𝒗𝒊𝒔𝒊𝒃𝒍𝒆
=
— (3.3)
𝑻𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒑𝒐𝒊𝒏𝒕𝒔 𝒐𝒇 𝒂𝒍𝒍 𝒐𝒃𝒋𝒆𝒄𝒕𝒔 𝒃𝒆𝒊𝒏𝒈
𝒇𝒓𝒐𝒎 𝒕𝒉𝒆 𝒈𝒓𝒊𝒅 𝒏𝒐𝒅𝒆𝒔 [ % ]
𝒕𝒆𝒔𝒕𝒆𝒅[𝒂𝒍𝒍 𝒏𝒐𝒅𝒆𝒔]

26

𝒕𝒉𝒆 𝒑𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 𝒐𝒇 𝒂𝒍𝒍 𝒔𝒂𝒎𝒑𝒍𝒆
𝒑𝒐𝒊𝒏𝒕𝒔 𝒊𝒏 𝒂𝒍𝒍 𝒕𝒆𝒔𝒕𝒆𝒅 𝒐𝒃𝒋𝒆𝒄𝒕𝒔
𝒗𝒊𝒔𝒊𝒃𝒍𝒆 𝒇𝒓𝒐𝒎 𝒕𝒉𝒆 𝒈𝒓𝒊𝒅 𝒏𝒐𝒅𝒆𝒔 [ % ]
𝒕𝒐𝒕𝒂𝒍 𝒏𝒐.𝒐𝒇 𝒏𝒐𝒅𝒆𝒔 [𝒏𝒐.]

= 𝒂𝒗𝒆𝒓𝒂𝒈𝒆 𝒗𝒂𝒍𝒖𝒆 [ % ]--- (3.4)

In this study, the actual visible area technique was chosen to measure visibility analysis
and this has been used throughout the framework.
3.2.2.3 Location of the Grid
The location of the gird affects the data and results of the Analysis Grid. Based on the
location and the selected objects for testing, the applications of measuring the degree of
visibility vary.

3.3 Chapter summary
The second part of the search methodology was addressed in this chapter; visibility
analysis measurement mechanism was presented. New exploration is carried out in this
research by implementing the visibility analysis application to measure the visual quality
indices. An added value to access to views option that is supported by LEED and
ECOTECT was to utilize the model in allocating the natural resources on sites. The
quantification and weighting of the visual impact index (VI) and Natural resources index
(NR) is the main core of the study which is explained in chapter 4. Both measurement
and quantification will be utilized in a developed evolutionary model named (SAT)
Spatial Analysis Design Tool which is explained in chapter 5.
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4. QUANTIFYING THE COST OF VISUAL QUALITY
Chapter Overview
In this chapter, the visual quality within neighborhood developments has been quantified
and presented to be an economic factor in neighborhood developments’ feasibility
analysis phase. This in turn would affect developments’ investment cost. Interviews took
place with well-known real estate developers in Egypt and worldwide; in addition, a
questionnaire was conducted to quantify the visual quality parameter. Results were
plotted in a spread sheet to propose the output of respondents’ feedback giving an
approach to the quantification of visual quality parameter in neighborhood development.
The approach to the quantification has passed through four main stages (Figure 11) which
are as follows:
(1) Interviewing Real Estate Developers
(2) Questionnaire Design
(3) Linear Regression Analysis
(4) Quantification of Visual Quality Parameter
Figure 11: The Approach to the Quantification steps

4.1 Interviewing Real Estate Developers
The first step that was taken towards the quantification of visual quality parameter was to
conduct an interview with well-known real estate developers in the Egyptian and
worldwide markets to analyze the current situation. Five interviews were conducted with
different developers; (Figure 12) summarizes one of the interviews which mainly explains
the current situation and critiques it.
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Figure 12: Real estate interview (#2) summary sheet
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As was explained in the literature and as it is observed from the interviews that, there is
neither a reliable and efficient tool that can be used to measure the visual parameters in
neighborhoods development nor a constructive marketing strategy to price the units and
quantify these visual parameters. In addition to this, the cost impact that occurs in
accordance to access to views, category B, is an average of (20%) and in extreme cases,
where a very prominent natural resource feature exists, can reach (25%) extra to the
construction cost of a residential unit.

4.2 Questionnaire Objective
For quantifying the visual quality, a visual questionnaire was developed. This
questionnaire tests the visual quality parameter in one of the new neighborhood
developments in New Cairo (Figure 13). It contains ten views that were taken within the
neighborhood development from different windows and the question was to evaluate
each one of these ten scenes. Each one varies in terms of visual impact, view, and
location. For each scene, visibility analysis was conducted to investigate further
calculations regarding the visual quality.

Figure 13: Bird's view shows the taken shots positions
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4.2.1 Questionnaire Design Matrix
The questionnaire was designed and developed to meet the research objective. The main
goal of the questionnaire is to develop a cost model for the visual quality parameter in
neighborhood developments. The cost can subsequently be used to determine the added
value of decreasing the visual impact and increasing the access to favorable views (i.e.
natural resources) for a certain view. The cost model will benefit building performance
researchers and real estate developers and shall work as a decision support tool during the
development’s feasibly study phase. Respondents were asked to price the selected scenes.
Prior to this step, each scene was subjected to visibility analysis and measurement to
determine the visual impact index (VI) and Access to views named natural resources
index (NR).
Questionnaire design parameters are identified and tabulated in (Table 4)

Table 4: Design Matrix Parameters

Parameters
Limiting Parameters

Parameters are being tested
Those restrictions that cannot be controlled and should be
considered while analyzing the results.

Controllable Parameters Those parameters that we can overcome.
Fixed Effect
Response
Blocking

The permanent effect that mutually affect the design
the outcome of the questionnaire which will be presented as
cost/m2
Factors that would be neglected/ disregarded.
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4.2.2 Visual Questionnaire Description
The questionnaire has a thoughtful attention to visual layout. This Questionnaire is a
multi-objective survey aimed at quantifying observed individuals’ senses of seeking
visual quality of neighborhoods development. It is to quantify the visual impact and the
Access to views (natural resource exposure percentage) indices with respect to middleclass tenants. It focuses on examining how far they would recognize these visual aspects
in their units’ choice and how much they are willing to pay to have a better quality of
living communities.
The shots which were selected for the purpose of the questionnaire have a particular
criterion. It was meant to take shots from different captures as described above, and these
scenes were drawn in the questionnaire in an intended order. The first one is the unit that
has the best view, and the last one is the worst one (Figure 14) and (Figure 15). The
researcher asked the respondents to give an estimated price for each scene. Costs margins
are indicated for each scene as it is shown in the Questionnaire Template (Figure 17).

Figure 14: worst view with the questionnaire with
maximum visual impact index
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Figure 15: Best view in the questionnaire with minimum visual impact index

4.2.2.1 Questionnaire Generic concept
The questionnaire includes shots that were taken from an existing neighborhood to build
the analysis on a real case study. Tested scenes were selected in a generic way to limit the
examination to the visual quality indices and isolate them from other factors might affect
the respondents’ feedback. The questionnaire is designed to examine the cost impact that
occurs with the change of visibility degrees within a neighborhood development. The
following considerations (Table 5) were conducted while developing the questionnaire:
Table 5: Questionnaire Generic concept
1

Monochrome color scheme

2

Only Privacy Parameter is being tested

3

The shots were taken from dwelling units’ reception windows” as tenants spend
more than 75 % of the stay-at-home time there “after excluding work and
bedtime”

4

Visual Resources are removed from all scenes

5

Trees and human are included in each scene to scale the image

6

Disparity between dwelling units prices regarding prototypes spaces and floors
are disregarded

7

Distances between dwelling units are not indicated within each scene

8

Avoiding Multiple Choice questions -MCQ- to avoid disrupting the
respondents’ thinking processes while using series of consecutive Closed-Ended
Questions. This is to give commercial sense to the respondents while not abiding
their personal perceptions.

9

Cost margins are indicates by giving a margin for each scene so that the
respondents can vary in their choices while not exceeding the indicate limits. This
is to avoid biasing the survey by letting the worst unit be less than it really costs
commercially.
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4.2.2.2 Survey Respondents deliberation
Respondents are asked to carefully fill the questionnaire as the thesis hypothesis will be
based on the data that would be extracted/ filtered from the respondents’ feedback.
Figures (Figure 17) and (Figure 16) present the questionnaire template. The outcome
proxy answers will be solicited from different population patterns, to avoid biasing the
questionnaire responses to the perception of irrelevant participant’s opinion.

Figure 17: Visual Questionnaire first page and the first four senses

Figure 16: Visual Questionnaire- other six scenes
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For better illustration, the questionnaire scenes are extracted in (Figure 18).

Figure 18: Questionnaire scenes
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4.2.2.3 Questionnaire Price margin

A survey was conducted to scan the real estate market to recognize the common prices of
neighborhood developments’ units that are built for middle-class social standard
communities. This type of surveys is indistinct and indefinite and is due to the many
other factors that affect it. It is very difficult to generalize a commercial price for a
residential unit that is subject to inflation, market segment, countries current
situation…etc. The following considerations were considered to set the cost margin of the
presented questionnaire and to eliminate other factors that may affect the questionnaire
objective.
-

All units have the same footprint area

-

All units are located on the same floor ( neither the ground floor nor the roof) and this
is to eliminate variables

-

Closeness to the amenities is the same

- Units’ prices in this social class of neighborhoods start with 4,000 Egyptian pound
per meter square. This price was observed from the conducted survey and is based on
the worst scene in the questionnaire that has a maximum visual Impact index.
4.2.3 Visibility Calculations
For each selected scene of the questionnaire, calculations were done to measure the
visibility analysis and investigate the visual impact and the Access to views (natural
resource percentage of exposure- NR). Circles are drawn from the centre line of the
“tested object” with diameters of 20- 40- 60 and 80 meter as shown in (Figure 19) to
configure the visibility range zones. Reception windows in each zone were examined
separately to determine the visual impact (VI) and the access to views (NR).
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Figure 19: Bird's view shows the shots boundaries in Ecotect calculations

4.2.3.1 visibility Range and visibility measurement weighting
Visibility analysis is a calculation that incorporates the ability of perceiving the tested
object image by the eye within a specific distance. Thus, visibility range has to be applied
to visibility analysis calculations. From the literature review, the visibility range is a scale
from (0-60) meter where the naked eyes can see the details of an object on a scale from
(0-1) degrees. Farther than this distance, degree of visibility diminishes till it reaches
zero. The below graph (Figure 20) plots the visibility ranges with the degree of visibility
to get the weights that should be applied to the questionnaire tested units and (Equation
4.1) shows how the weight of each range is being calculated.
Degree of Visibility Scale (from 0-1)

1.2

Weighting trend of
the degree of…

1
0.8
0.6
0.4
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Figure 20: degree of visibility weighting trend
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Where:
I: Scene number
N: number of respondents
L: Degree of Visibility
D: Distance (Visibility Range) 20, 40, 60 meter and beyond.
Pi: visibility analysis of each scene

4.2.4 Converting ECOTECT visibility analysis to Visual Quality percentage
The visibility analysis is tabulated (Table 6) with all the details needed for each scene to
identify the visual impact and the natural resources exposure percentage ((1/VI) * NR).
These analyses are converted to percentage to formulate the visual quality parameter
(VQP) of each scene (as shown in the regression part of this section).

Table 6: Visual and spatial quality percentage- ECOTECT visibility Analysis
Factors
Views
order

Visibility
RANGE

Nearest
Façade
[in meter]

Worst to mazimum seen
view by the tenant
best

orientation
Actual Visible Area"
AVA of all
AVA of all
AVA of all
AVA of all
farthest orientation
of the
ALL FACADES
surrounding surrounding surrounding surrounding
Façade
of the far
nearest
SURROUND"
Reception
Reception
Reception
Reception
[in meter] Facade
Facade
[in meter]
Windows
Windows
Windows
Windows
Within 20 m Within 40 m Within 60 m Within 80 m
AVA
#
AVA
AVA
AVA
AVA

Privacy
% (1Visual
quality
Actual Visible
Parameter
Area )
Output

10

40

20

adjacent

35

shiftedadjacent

101.58

9 facades

24.96

13.63

N/A

N/A

62%

9

≈70

9

beside

67

adjacent

466.16

8 facades

9.4

70.42

92.13

0

63%

8

92

10

beside

92

shiftedadjacent

272.73

6 facades

0

9.02

24.83

37.91

74%

7

62

21

shiftedadjacent

62

shiftedadjacent

47.87

3 facades

5.93

4.29

0

0

79%

6

≈100

10

beside

99

shiftedadjacent

728.35

9
facades

0

0.95

50.49

76.03

82%

5

90

20

shiftedadjacent

90

around

716.35

9 facades

3.23

14.89

53.38

50.7

83%

4

88

40

beside

88

shiftedadjacent

381.18

6 facedes

0

0

50.16

6.21

85%

3

92

18

adjacentperpendicula
r

92

adjacent

115.71

5 facades

1.32

3

N/A

5.76

91%

2

41

12

adjacent

≈41

shiftedadjacent

246.12

2
facades

9.23

2.69

N/A

N/A

95%

1

92

10

beside

92

adjacent

952.04

6 facades

20.97

2.39

3.46

1.97

97%
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4.2.5 Sampling Size and Survey feedback- Data Collector Spread Sheet
Fifty respondents’ feedbacks were examined and based the empirical analysis to quantify
the visual impact. The researcher spread the survey among 100 potential users and got
around 50 impartial / unbiased feedback responses. A sheet is prepared to collect
respondents’ feedback, survey feedback tabulation sheet (Table 7). The ten tested scenes
of the Visual Questionnaire are in the columns where the number of the respondents is in
rows.
Table 7: Data Tabulation Sheet (50 respondents)
Questionnaire Feedback: Units Prices

scene #10
scene #9
scene #8
scene #7
scene #6
scene #5
scene #4
scene #3
scene #2
scene #1

#1
620,000
650,000
680,000
700,000
700,000
710,000
715,000
720,000
740,000
750,000

#2
600,000
600,000
720,000
720,000
720,000
725,000
730,000
730,000
740,000
750,000

#3
676,000
688,000
700,000
705,000
720,000
725,000
725,000
745,000
745,000
750,000

Unit base price: 600,000 EGP
#4
686,000
698,000
710,000
710,000
710,000
710,000
710,000
730,000
740,000
750,000

#5
653,000
666,000
678,000
690,000
700,000
710,000
725,000
735,000
745,000
750,000

#6
628,000
640,000
650,000
660,000
675,000
690,000
700,000
710,000
730,000
750,000

#7
653,000
653,000
653,000
660,000
670,000
682,000
697,000
715,000
730,000
750,000

" etimated based on market survey"
#8
624,000
636,000
648,000
660,000
675,000
690,000
700,000
720,000
740,000
750,000

#9
663,000
675,000
685,000
690,000
705,000
715,000
730,000
740,000
745,000
750,000

#10
633,000
645,000
660,000
675,000
690,000
690,000
680,000
710,000
730,000
750,000

4.3 Developing a Linear Simple Regression Model for the cost premium
and the Visual Quality Index
The hypothesized relationship is between the visual quality and the premium paid for the
units. As stated earlier the visual quality parameter is determined by the product of two
the value for the access to favorable views or natural resources, NR and the inverse value
of the visual Impact, VI. Recall that the visual impact is taken as the reciprocal of the
privacy value and therefore the visual quality parameter is given by:
VQI = 𝑁𝑅

×

1

𝑉𝐼
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---- 4.2)

The higher the NR and the lower VI values the higher the visual quality parameter and
this formulation places equal weights for both values in this aggregated index. It is
important to note that in general the NR and VI values will be strongly correlated and it is
expected that a high covariance or a positive correlation coefficient that is close to one
would exist between the two values in most cases. However, there may be some
situations where this is not always true. For example a negative effect would be expected
when obstructions veil the natural resource while at the same time the configuration
exposes the space to neighbors. On the other hand, for a carefully designed space one
would expect that the favorable views be visible and the same time exposure from
neighbors would be kept to a minimum by use of shades, obstructions and landscape
elements for example.
In any case, it is expected that the visual impact would strongly affect the selling price of
the unit or the cost premiums that the buyers would be willing to pay. The main concept
suggested here is that the higher the visual quality index calculated the higher the
premium that buyers would be willing to pay for the residential units. Therefore a simple
regression was carried out (Figure 21) where the dependant variable (y) is the cost of the
unit to the buyer and the independent variable (x) is the visual quality index (which is the
product of natural resource and the visual impact). The cost of the unit is equal to the
base cost (which is the cost of the unit to the buyer including all other elements that affect
the price, i.e. location, closeness to amenities and the storey the unit is on).
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A linear regression was carried out and the least square regression line calculated is:
y = 2384.6x + 508997

(4.3)

760,000

Cost of the unit to the Buyer

740,000
720,000
700,000
680,000
660,000
640,000

y = 2384.6x + 508997
R² = 0.6708

620,000
600,000
580,000

60

70

80

90

100

Visual Quality Index
Figure 21: Visual Quality Index versus the Cost of the Unit to the Buyer

As seen in the equation, the intercept is 508997 and the slope coefficient is 2384.6. To
analyze the model a number of statistics were calculated as seen in (Table 8) below. The
coefficient of determination for the model (i.e. the R square) is 0.6688 (and the square
root of that, Multiple R is 0.8177). As such, one can state that about 67% of the
variability of the data can be explained by the model. Strictly speaking the adjusted R
square, which accounts for the degree of freedom, is a more accurate measure, although
due to the large number of samples in our data, very little difference exists between the
square and the adjusted R square. As a measure of dispersion or sampling error, the
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standard error of the estimate was calculated and it is equal to 18,451. This is considered
here quite reasonable for a unit whose cost can be as high as 720,000 EGP.
Table 8: Regression Statistics for the cost model

Regression Statistics
Multiple R
R Square
Adjusted R Square
Standard Error
Observations

0.8177
0.6688
0.6680
18451
500

An ANOVA table (Table 9) was created to test the null hypothesis. The regression sum of
square and the residual sum of square are shown in (Table 9). The table also shows the
mean sum of squares for the regression and the residual which are in turn used to
calculate the F statistic giving a p-value of 2.5 E-121. Therefore, we reject the null
hypothesis with a 99% confidence and it is found that the visual quality index (the
independent variable) has a significant impact on the cost of the unit (the dependant
variable).
Table 9: the ANOVA table for the model

Regression
Residual
Total

df

SS
MS
F
Significance F
1 3.41588E+11 3.41588E+11 1003.358572
2.5152E-121
498 1.69201E+11 340444610.7
499 5.10789E+11

Furthermore we tested the null hypothesis for the coefficients (i.e. that the coefficients
are not equal to zero). In this two variable regression and as can be seen from (Table 10)
below, the standard error for the intercept is 6236 and the standard error for the slope is
74.To test whether the population intercept and slope is actually different from zero, the
t-stats were calculated for both the intercept and the slope (81 and 31 respectively) and
the p-values are seen to be extremely small, and therefore we can reject the Null
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hypothesis with a 99% confidence. The confidence intervals are also shown for the
intercept and slope (Table 10).
Table 10: Coefficient Statistics

Coeff.

Standard
Error

tStat

P-value

Lower
95%

Upper
95%

Lower
95.0%

Upper
95.0%

Int

510099

6236

81

1.79E-290

497846

522352

497846

522352

Sl

2372

74

31

2.50E-121

2225

2519

2225

2519

As a further test we plotted the residuals as can be seen in (Figure 22) and no particular
relationship can be seen. The normal plot was also generated in (Figure 23) for the
residuals versus a z value (or cumulative normal percentile) derived from the normal
probability distribution for the ranking location of the residual. The residuals seem to be
actually normally distributed as a straight line relationship can be seen
80000
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Figure 22: Residual Plot
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Figure 23: Normal Probability Plot

Given the statistical analysis discussed earlier, a model can now be developed between the
cost premium, CP (i.e. the amount of cost a buyer is willing to pay for an increased visual
quality) and the VQI. The regression equation (4.3) above can be rewritten as,
𝐵𝐶 + 𝐶𝑃 = 2384.6 × 𝑉𝑄𝐼 + 508997

(4.4)

𝐵𝐶 + 𝐶𝑃 = 2384.6 × 𝑁𝑅 × 𝑉𝑃 + 508997

(4.5)

And substituting for equation 4.2 in equation 4.4 we get,

Or

𝐵𝐶 + 𝐶𝑃 =

2384.6 𝑁𝑅
𝑃

+ 508997

(4.6)

+ 508997� − 𝐵𝐶

(4.7)

This yields a close form formula for the cost premium
𝐶𝑃 = �

2384.6 𝑁𝑅
𝑃

It is important to note that the experiment presented here shows an approach for measuring
visual quality parameter (VQP) and its contribution to the price of the housing units. For each
unit increases in the VQP, it has a direct proportional increase in cost premium.
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The experiment here was for a single unit where all the independent variables affecting the
cost of the unit to the buyer have been kept constant. In order to expand the model we
suggest adding more independent variables and seeing if the relationship holds for units with
different characteristics such as being on different floors for example. In this case we would
only look at the price premium due to visual quality and not the total cost to the buyer, which
means that the BC would be different for the various points in our data.

Moreover, the questionnaire was conducted based on a specific context which is utilized to
imply the relation (Y=aX+b) rather than giving constant coefficients (a and b) values to be
used in all types of neighborhoods. In other words, this part presents a methodology for
quantifying the VQP which is not a generic equation to be generalized to all types of
neighborhoods. This equation needs to be tested and the questionnaire needs to be examined
each time a researcher needs to quantify VQP for a certain type of neighborhoods.

4.4 Visual Quality Parameter Quantification Table
The last step is to compile and tabulate the quantification of the visual quality. This
matrix is implemented in the SAT model calculations to generate comprehensive
financial analysis of optimum layout of a certain neighborhood. As an example, consider
a one acre neighborhood development with only 7units, the visual quality parameters
quantification table would be similar to (Table 11). The table shows the values of the two
indices for the seven units along with the suggested price generated from the SAT model
and the cost premium.
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Table 11:Quantification matrix
privacy
index (%)

Access to
views (%)

Visual Quality
Paramter

1

58%

60%

42.00

9,125

2

66%

50%

45.00

16,277

3

45%

60%

43.00

11,509

4

65%

30%

48.00

23,429

5

30%

60%

45.00

16,277

6

42%

38%

43.00

11,509

7

25%

52%

41.00

6,741

450,460

Units base
cost-EGP

VQP= 2384
X+508997
EGP

Units

Green Neighborhood units optimized Price

Green Price
EGP

Extra to
Conventional

459,585
466,737
461,969
473,889
466,737
461,969
457,201

2%
4%
3%
5%
4%
3%
1%

3,248,087

4.5 Chapter Summary
This chapter discussed the research conducted methodology to quantify the visual quality
in neighborhood developments. Successfully, a visual questionnaire was developed based
on some selected scenes that were tested in terms of visibility analysis. Depending on
potential users’ feedback, empirical analysis was conducted by applying regression
analysis to the w questionnaire outcomes to quantify the visual quality and its impact on
the pricing strategy. The quantification pro cesses the main course of this study; the
outputs of this framework will be coherently conducted in the developed evolutionary
model (SAT) discussed later in chapter 5.
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5. MODEL LOGIC AND ALGORITHMS
Chapter Overview
In this chapter, SAT (SPATIAL VISIBILITY DESIGN TOOL) a decision support model
is addressed highlighting its objectives and logic. The aim of this model is to develop a
reliable model that real estate developers can exploit to build new green livable
communities. SAT model gives 3D visibility analysis for green neighborhood
developments. The Chapter starts with some search techniques and algorithms
terminology followed by the algorithms used in SAT after explaining the rationale behind
selecting such technique. Subsequently, the model inputs, logic and outputs are presented
with an elaborate explanation of model algorithms and its objective function. The
development of SAT is an outcome of the empirical analysis and Visual Questionnaire
conducted within this study is to quantify some visual quality indices. In this chapter, the
visibility measure is linked to the proposed pricing strategy to produce a consistent
model, SAT.

5.1 Model in brief
5.1.1 Model Objective
The objective of the model is to optimize the location (X, Y) and Orientation (Ѳ) of a
prototype (A) in a certain neighborhood development that aims at maximizing the access
to views percentage- natural resources percentage of exposure (NR %) and minimizing
the visual impact within the neighborhood units visual impact index (VI %). By
considering these two indices during the pre-design phase of neighborhood, steps ahead
towards building new sustainable neighborhood developments are taken. The conducted
questionnaire was the approach of quantification of visual quality parameter which is
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reflected in the sustainable prototype selling price, and overall development profit
margin. The model provides a pricing strategy that developers can implement to
maximize the development profit.
5.1.2 Model overview
SAT model is a spatial analysis design tool that is used during the pre-design phase of a
neighborhood development. Real estate developers shall use it as a decision support tool
in planning the desired neighborhood. It is a user-friendly model which requires
minimum computer knowledge a planner or a designer could have; non-programmers can
use it easily. To get the outputs, some inputs have to be entered by users and verified by
the model to generate. The model is mainly based on LEED-ND reference guide and
recommendations in terms of land carrying capacity calculations. The land carrying
capacity/development capacity is measured by calculating the number of dwelling units
per acre (7 units/ acre for the medium density) and (8-10/acre is for the high density
calculations.

5.2 Search Techniques:
In searching for optimum design solutions, optimization techniques are used and can be
divided into three broad classes as shown in (Figure 24). These three techniques are
presented in this part of the thesis and are linked to this search problem highlighting the
steps and rationale behind selecting the GA as a search technique of the developed
model, SAT.
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Figure 24: Classes of Search Techniques (J.L. Ribeiro Filho, 1994)

5.2.1 Optimization Techniques- Exhaustive search technique:
This search technique “brute-force search” is very simple to implement. It consists of
systematically enumerating all possible candidates for the solution, then checking
whether each individual candidate satisfies the problem’s solution statement. In other
words, it searches every point related to the function’s solution space (finite), one point at
a time which usually requires significant repetitive and time consuming computation and
that is why it is obviously not practical for applications with large search space. Dynamic
programming is a good example of this technique. (J.L. Ribeiro Filho, 1994)
5.2.1.1 Application in research search problem
In our problem, this technique is utilized to examine the optimum arrangement of the
units within a neighborhood development in terms of visual impact and access to views
parameters. This technique was applied by calculating all possible arrangements
(solutions) to be studied. The size of search space is calculated as shown in (Equation 5.1)
by knowing the targeted number of possible rotations (candidates) and the number of
units.
𝑇𝑜𝑡𝑎𝑙 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑠𝑒𝑎𝑟𝑐ℎ 𝑠𝑝𝑎𝑐𝑒

= (R)No. of rotations 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑢𝑛𝑖𝑡 (N)No.of units in th𝑒 arrangement − − − (5.1)
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Where (r) is the number of rotations which is decided by the developer based on the
problem definition; whereas, the total number of iterations (candidates) is N r
arrangements.
The following possible scenarios were chosen and studied; the size of search space and
timeframe needed are as follows:


Every 90 degrees all around the 360: four basic directions to test every 90-degree angle.



Every 45 degrees - positive half of 360: five positive directions to test every 45-degree and this option
are examined as for to consider some design limitation related to unit’s zoning (for example;
orientation of the intersection areas (reception and dining) limited by the 180 allowable margins to
avoid having them on the southern direction (Figure 25).



Every 45 degrees all around the 360: eight directions to test every 45-degree angle. This is another
option as the designer shall consider all directions without limitation with smaller angle intervals. .

Figure 25: possible rotations examples

5.2.1.2 Linking ECOTECT Analysis Model to Excel data entry organizer
This technique was conducted by using ECOTECT software. A simple code was
developed using LUA, ECOTECT programming language. A 2D multi function model
which all the runs and iterations tabulated in Excel spreadsheets, Data Organizer, (Figure
26) and print screen of optimum arrangement of the units that gives minimum visual

impact and maximum exposure to natural resources ( Access to views).
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from zero to 30 Degrees
4

3

4

3

4

2

1st Arrangement- unit 1

0

30

Ti t l e : , Vi s i b i l i t y A n a l y s i s
D a t a : , A c t u a l Vi s i b l e A r e a , m2
Cel l s : , 6 po i n t s i n X d i r ec t i o n , 6 po i n t s i n Y d i r ec t i o n ( t h i s t o
c al c u l at e h o w man y n o d es i n t h e g r i d )

1.4976+3.9971+2.1148+3.0804+1.4943+1.3586
1.6284+2.5966+2.1361+2.6195+1.4648+1.8514
1.8351+2.3362+2.0775+1.936+1.4757+3.8042
2.3372+2.5584+2.0415+1.6395+1.4227+2.8941

2.24
2.05
2.24
2.15

Average of the Average( 4 units)each unit has 6 NODES in
the analysis grid are being calculated and averaged

2.17

Figure 26: Analysis Grid- Visibility tabulated values

The model was developed to first calculate the average visual impact values of all units in
each arrangement while trying all possible candidates and then compare results to
generate the optimum solution that gives minimum visual impact and maximum exposure
to natural resources (Access to views). In other words, this is called a multi objective
function as the minimum average the arrangement records, the minimum visual impact
index the development has while the maximum average of the access to views, the better
location and view the unit has.
5.2.1.3 Calculating the Maximum and the Minimum of Analysis Grid
To calculate visual quality indices (Visual Impact and Access to views); the analysis grid
location was changed to perform this step. While calculating the visual Impact the
analysis grid is positioned vertically behind the window of each unit. Once the iteration is
done, based on the total search size, the gird location is changed to be in the horizontal
plain and to cover the land. All windows are selected to calculate the percentage of
exposure to the outside. Disparity in gird values which are presented in each iteration
show the difference in proposed urban pattern design by the model. In (Figure 27), the
analysis grid is allocated vertically in one of the units and all other units inside the land
are being selected to measure the degree of visibility these windows perceive with respect
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to this window. In (Figure 28), the analysis grid is allocated to cover the land to
investigate where to allocate the natural resources on site. (This application can be
inversed as the user might know where the natural resource is allocated, and work on
orienting the units to get the maximum exposure percentage).

Figure 27: Allocating grids to calculate the
visual Impact

Figure 28: Allocating the grid to calculate Access to
views

5.2.1.3 Drawbacks of Exhaustive search technique- Combinatorial explosion
The main disadvantage of the brute-force method is that, for many real-world problems,
the number of solution candidates is prohibitively large which means that it takes time to
come up with results. (Figure 29) shows the arrangement’s thee possible scenario (45
degree (3 directions), 90 degree (4 directions) and 45 degree (5 directions). The search
time is indicated for each case which in one of them the search run-time reaches 10 days.
3 runs
no. of runs
timing of each run
total in Seconds
in mins.
in hours
hours/ day
day

2187
12
26244
437.4
7.29
24
0.30375

each 90 degree
east
0
north
1
west
2
each 45 degree
north east
0
north
1
north west
2
each 45 degree
east
0
north
1
north
2

4 runs
no. of runs
timing of each run
total in Seconds
in mins.
in hours
hours/ day
day

16384
12
196608
3276.8
54.61333
24
2.275556

each 90 degree
east
north
west
south

0
1
2
3

each 90 degree
north east
north west
south west
south east

0
1
2
3

each 45 degree
north east
north
north west
west

0
1
2
3

5 runs
no. of runs
timing of each run
total in Seconds
in mins.
in hours
hours/ day
day

78125
12
937500
15625
260.4167
24
10.85069

each 45 degree
east
north east
north
north west
west

0
1
2
3
4

DATA TABULATION SHEET:
to estimate the runs'
timeframe ( this is developed
after the calculation of
number of candidates

Figure 29: ECOTECT- Exhaustive search coding and combinations printscreens
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5.2.2 Optimization Techniques- Numerical techniques

The second research technique is to use a set of necessary and sufficient conditions to be
satisfied by the solutions of an optimization problem. They subdivide into direct and
indirect methods. Indirect methods are used to search for local extremes by solving the
usually non-linear set of equations resulting from setting the gradient of the objective
functions to zero. The search for possible solutions (function peaks) starts by restricting
itself to points with zero slope in all directions. These techniques can be used only on a
restricted set of "well-behaved" functions (J.L. Ribeiro Filho, 1994).
5.2.3 Optimization Techniques- Guided random search
This technique is based on enumerative techniques but uses additional information to
guide the search. Two major subclasses are simulated annealing and evolutionary
algorithms. Both can be seen as evolutionary processes, but simulated annealing uses a
thermodynamic evolution process to search minimum energy states. Evolutionary
algorithms use natural selection principles.
This form of search evolves throughout generations, improving the features of potential
solutions by means of biological inspired operations. Genetic Algorithms (GAs) are a
good example of this technique.
5.2.3.1 Evolutionary algorithms
The application of Evolutionary Algorithm is preferred in SAT model since the type of
problem SAT is trying to solve considered as a Global Optimization Problem (Figure 30).
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Global Optimization (GO) problem is a type of search problems in which one wants to
get the globally best solution of an objective function f(x) on a given domain, where f
might be multi-model, non-differentiable, discontinuous, or even worse black-box type.
Evolutionary Algorithm takes privilege on being able to solve a variety of global
optimization problems that are not well suited for standard optimization algorithms.

Figure 30: Global Optimization Problem Graph. (The Math Works, 2004)

Evolutionary Algorithms (EAs) take their inspiration from the concepts of “natural
selection” and “survival of the fittest” in the biological world. Evolutionary algorithms
work by mathematically modeling natural processes, such as selection, recombination,
mutation, migration, locality and neighborhood.
5.2.3.2 Why Genetic algorithms
The genetic algorithm (GAs) is a method for solving optimization problems that are
based on real-life. The GA repeatedly modifies a population of individual solutions, by
analyzing, evolving and changing a set of biologically inspired operators that can change
these individuals. At each step, the GA selects individuals heuristically from the current
population to be parents, based on their “fitness” in solving the problem at hand, and uses
hem to produce the children for the next generation (Moreira, 1995). Over successive
generations, the population “evolves” toward an optimal solution. (The Math Works, 2004)
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As per the evolutionary theory, GAs follows the rule that states “Only the individuals that
are the more “fit” in the population are likely to survive and to generate off-spring, thus
transmitting their biological heredity to new generations”. For instance, in our problem,
units’ arrangements that give high visual impact and low access to views exposure are
neglected in each generation. These arrangements are called least promising strings. The
genetic algorithm uses three main types of rules at each step to create the next generation
from the current population:
•Selection rules: select the individuals, called parents, which contribute to the population
at the next generation.
•Crossover rules: combine two parents to form children for the next generation.
•Mutation rules: apply random changes to individual parents to form children.

5.3 Model Preparation and Model Selection Decision
The selection of SAT supporting system and model came after a long and extensive study
to examine all possible model or software that can support the objective function of SAT.
5.3.1 ECOTECT Model
This was done manually by utilizing ECOTECT for the building performance analysis
and Microsoft Excel for Data entry and organization of results and analysis. The next step
was to develop an evolutionary model that can run iterations automatically and generate
optimum solutions seeking the objective function. Another trial was to generate these
solutions programmatically via ECOTECT programming language (LUA) and create a
multi objective model; the problem was divided into three stages:
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1. Fix the number of units and their location, and try to find the best arrangement that
gives minimum visual impact and maximum access to views.
2. Fix the number of units and try to find the optimum arrangement in terms of location
and orientation that gives minimum visual impact and maximum access to views.
3. The third case was to find the optimum arrangement in terms of carrying capacity of
the land, location and orientation (the most challenging case).
To try all the above cases, it took time to develop the LUA based model that works with
genetic algorithms to generate results.
5.3.2 Model using ECOTECT drawbacks
Following the quantification phase, the model selection decision phase started. After
selecting the search technique (GAs), utilizing ECTOTECT was not recommended for
the following reasons:
-

ECOTECT is closed source software whose analysis coding is not released.
ECOTECT is maintained by an Autodesk team who produces its packages in a
compiled executable state, which is what the market is allowed access to.

-

ECOTECT calculations in some cases showed irrelevant results. The software does
not stop generating results even if there is error in calculations. The software does not
reject inappropriate results and outputs. For example, the following GA run was done
to determine the visual impact between units through their reception windows.
ECOTECT generated outputs and summary reports although the windows were
drawn incorrectly in a way that led to have them embedded in walls (no window
opening). This weakness can be detected by proper checking on results; however, this
cannot be applied in case of unexpected case studies analysis results.
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5.3.3 Developing an integrated model (ECOTECT Analysis-Excel VBA-Genetic
Algorithms)
Consequently, it was decided not to use ECOTECT to support SAT model
programmatically; however, the visibility analysis core concept remains the same and has
been developed in Excel to generate the desired fitness function as shown in (Table 12).
Table 12: Integerated model parameters

Visibility Analysis
Applying ECOTECT Visibility Analysis core concept in the program to maintain same
technique of visual questionnaire and
Program Software
To implement functionality beyond a regular spreadsheet, a Microsoft Visual Basic
programming environment is installed with Microsoft Office Excel 2010. The computer
language used is Visual Basic for Application (VBA) to simplify analytical tasks. Based
on the problem and search technique, VBA code is used to enhance the spreadsheets
using Windows controls (design and programming).
Search Technique
The use of Genetic Algorithms (GA) was to being able to solve Global Optimization
(GO) problem of SAT search problem. In which the user wants to get the globally best
solution of an objective function f(x) on a given domain, where f is discontinuous.

5.4 Model Inputs
The users have to have the Minimum Design Requirements (MDR) to develop solutions;
these MDRs are the number of units, the location of the natural resources, and some
financial data regarding the neighborhood development.
5.4.1 Number of units (Land Carrying Capacity)
This input is a variable factor to be decided by the user and can be editable to have
different solutions. The model is designed to calculate Visual Impact and Access to
Views indices within a specified number of units per acre that varies from (1-10).
Whereas, and as per LEED ND rating system, having less than 6 dwelling units per acre
leads to urban sprawl. The user has to enter the desired number of units per acre. Based
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on the chosen number of units/ acre, the model will calculate and give optimal solution.
Changing this variable definitely affects the outputs. The model can give best 6 solutions
as the optimization works with a minimum of 6 units per acre.
5.4.2 Natural Resources Allocation
The second MDR is to allocate the natural resources the real estate developers has or is
expected to have within the buildable boundary.(Figure 31) illustrates the way the model
examine the natural resource visibility degrees.

5.4.3 Pricing Inputs

Figure 31: Natural Resources allocation in a certain
neighborhood develppment

The user has to enter some commercial and financial figures related to the concurrent
construction cost as per the market and targeted profit margin as per the owner
perception.

5.5 Model Design Consideration - Model Constraints
In order to let the algorithms start working properly, model design validation shall be
identified to start rejecting the bad generations / individuals to find the optimal solution
by the end of the iterations. The prototypes can be allocated at any place within the
permitted buildable area; however, there are some design limitations that should be
followed. This design limitation is called in the Algorithms language the “validation
criteria,” which is the way the model will count while proceeding through the runs till it
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finds the optimal solution. In the following lines, these validation points are highlighted.
The following points summarize the model validation criteria:
5.5.1 Buildable area- allocation of Units

No intersection between any of the prototypes and the land fence; a minimum distance of
“5 meter “to be kept away from the land fence. For instance, a land that has an area of
one Acre “70X50 m”, the buildable area is shown in (Figure 32):

Figure 32: Sketch shows the permitted buildable area

5.5.2 Roads networks and parking lots

SAT deals with the analyzed plot land as the development boundary. Development
boundary includes access roads, shaded parking area and opens space. As SAT is a
decision support tool, the model gives recommendations for the optimal urban pattern as
a guideline for designers and planners. Once the results are revealed, the designers should
work on enhancing it and on allocating all services and spaces needed to have a compact
development and ensure community conductivity as per LEED ND rating standard.
5.5.3 Openings and Units Zoning (Design Variety)
One of the dominant SAT design considerations is to identify the reception window in all
units. Although the model is a generic base model, the units’ interior design is not
considered to be a factor that affects the model solutions.
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The interior design (zoning) is decided based on the units’ orientation. This is explained
in the following lines with an example.
Case Study: A Single Family Home neighborhood development in 6th of October zone,
Haram City, Egypt.
SAT decision support tool is used by the owner to give him an optimal solution for the
units’ arrangement within the neighborhood in terms of visual quality parameter. The
owner has the variety of 3 prototypes: Type A (100 square meter) (Figure 33), Type B (60
square meters), and Type C (45 square meters).
I.

Knowing that the unit size is not an input to be added by the user (model
limitation discussed later this chapter); the user shall recognize that the
solutions generated by SAT shall be used as a tool to decide the prototypes
interior design.

II.

Knowing that the reception window is the only opening that is being tested the
user has the space to study the unit zoning and decide where to put the other
spaces using bubble diagram and zoning matrix design tools.

III.

The case study is taken on Type A; the following sketch shows the interior
design of the unit.
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Figure 33: Case Study-Type A plan

IV.

As per the following schematic sketch (Figure 34), the zoning of the 3 units
will differ due to the site forces ( Natural Resource) as follows:

Figure 34: Schematic design of a part of a neighborhood

As per the results, SAT model solves a specific problem during the pre-design and design
phases of the neighborhood development. Results strongly orient designers and planners
the way they should design their units and neighborhood pattern design. Referring to the
above case study, the following considerations to be followed:
I.

Unit 1: wet areas to be in the southeast side of the unit.

II.

Unit 2: wet areas to be in the southwest side of the unit.

III.

Unit 3: wet areas to be in the south side of the unit.
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5.5.4 Units shape and Boundary

Each prototype shall have a boundary that cannot be intersected with other prototypes.
The boundary (Figure

35)

is considered to be 2 meter from each side of the unit with a

maximum area of 196 meter square (14 *14 meter). With this, the boundary satisfied the
minimum green area needed around the unit, and unit main entrance. LEED-ND
recommends and encourages having open space in neighborhood patterns.

Figure 35: Shows how boundaries are drawn arond units

5.5.5 Natural resource shape and location
Natural Resources (NR) on site is a decision to be taken by owner and advised by
designers and planners in terms of location and type. The user has to decide where
preferably the NR to be. Once the user indentify the NR location (Input #2), an area of
(14*14 meter square) is allocated to outline its boundary (Figure 36).

Figure 36: shows how boundaries are drawn around Natural Resources

5.5.6 Wet Areas and Visibility analysis
Wet areas are neglected in visibility calculations. The rationale behind this design
consideration includes:
I.

Wet areas’ windows are too small to be considered to have high visual impact on
neighborhood development.
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II.

Wet areas’ windows have a high sill height (1.5meter) and don’t consider as an
access to views, they are mainly for ventilation purposes.

III.

Based on the conducted questionnaire explained earlier (Chapter 4), tenants don’t
give attention or high weights to wet areas windows visible from tested reception
windows.

No wet areas are allowed to be allocated on north direction. A Wet-Area definition
includes (bathrooms and kitchens).
5.5.7 Building Orientation
Due to the use of GA optimization model, the model is capable to try all possible
orientations (360 degrees) with no limitation. It was intended not to put a constraint
related to orientation to maximize the possible solution of arrangements. For example: if
the orientation of the reception window is limited towards the north and west directions
for better prevailing winds and better allocation for the back house wet areas, this will
limit the natural resources allocation to be always on the very top of the land directed to
the north. This design limitation is considered weakening the tool efficiency and that is
why it is dropped.

5.6 Model logic
5.6.1 Model Interface
The SAT model is VBA based software. It is an add-in application supported by
Microsoft Excel 2010. The purpose of the model is to develop a decision support tool to
real estate developers to assist the pre-design and design stages of neighborhood
developments’ urbanization. The model gives optimal design solutions for neighborhood
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units’ arrangements incorporating less visual impact and high access to views factors
while seeking the maximum profit margins for landlords. (Figure 37) shows the model
welcome page; in the following lines, SAT manual is presented to help and assist those
using SAT.

Figure 37: SAT main screen contents

5.6.2 SAT Tutorial “user manual for non-programmers
In this part of the chapter, a tutorial for the developed model is presented.
5.6.2.1 Process Summary and manual outline
SAT Model manual is described for non-programmers in this section to enable users getting more
familiar with the model. Further to this, all GUL (Graphical User Interface) screens the user
encounters, navigations between menus, tasks bars and functions are presented and explained.
Most of SAT tasks bars and functions are common and not advanced.
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5.6.2.2 Installation
The user needs to install Microsoft Excel 2010 package in order to enable SAT to work properly.
The model is empowered by EXCEL-Evolver. Once the Excel is installed, Evolver is installed
and the user can run SAT.

5.6.2.3 Model purpose and benefit to user
The user benefits from SAT in three main directions as shown in (Figure 38):

Pricing
Strategy

High quality
of Visual
Environment

Optimized
Profit

Figure 38: Model three main directions

AT is a decision support system that can assist the real estate developer to create new
green neighborhoods in a way that can make them gain profit, properly price their
products and services and build healthy livable communities. Having a high quality of
visual environment is something difficult to be quantified. Based on a former study
(conducted questionnaire), the SAT developer was able to measure the visual quality in
neighborhood development index and use it in the model in the objective function.
5.6.2.4 Model Menus’ Items - Navigation technique
In the sub division, the study presents the model interface showing its’ menus and how
the user can navigate between them and the bottoms functionality. The menus are listed
in their presence order and bottoms are numbered and detailed.
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SAT Main Page

This is the welcome page of SAT mode (Figure 37). This page is the main page from
which the user can navigate to other sub menus in the. The grey colored area of the
screen contains sub menus describe the following:
(1) Model overview: Presents the model objective and briefs the core concept of
developing SAT support decision tool.
(2) Project Data: This part is to be filled by the user. When toggling this bottom, a new
window is opened that contains all data related to the tested project in specific. (Figure 39)
shows project data screen; 9 items are listed in the page. The user to identify main
information about the project: project name, location, owner, tenants’ class, and project
type (single or multi storey units). Also major milestones of the project; expected
commencement date and completion date. Finally, the user has to add some commercial
data that identifies the project budget and profit margin percentage. This process is called
“Conventional Data Entry” as all information entered by the user is related to the current
situation of his/her project prior utilizing SAT to generate green solutions. All data
entered in ECOTECT cannot be seen /accessed by any other user; the model saves this
information to compare its green outputs to project conventional state.
(3) Project Plot Land: It is the third bottom in SAT main menu; the page gives more
details about the model assumptions and design consideration in land size and location.
(4) Project Prototypes: It is the forth bottom in SAT main menu; the page gives more
details about the model assumptions and design consideration in dwelling units’ size and
location.
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(5) USGBC LEED Standard: by toggling this bottom, a new sub screen is opened.
Introduction about LEED (Leadership in Energy and Environment Design) is presented
to give the user a broader image about the standard and its categories. This section
contains several pages.

Figure 39: SAT LEED introduction

(6) Case Inputs (Figure 40): This is the sixth bottom in the model main screen; the user
toggles this bottom to enter the model inputs which contain design parameters points and
commercial and financial assumptions.
- B and P Design Parameters: Number of units (Land Carrying Capacity) and the
allocation of natural resources on the model grid.
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Figure 40: Model " Case Inputs"

- (I-O) Commercial and Financial Assumptions: These 7 points represent the second part
of the model outputs. These assumptions are the basis of developing the pricing strategy
of a neighborhood development. Bottoms in dark blue are restricted as these bottoms are
for the hidden calculation inside SAT. Green and purple bottoms have to be filled by the
user. These bottoms build the pricing strategy for the neighborhood, identifying the open
space components ratio has a noticeable cost impact (this page is linked to outputs (5.7)
this chapter).
5.6.2.5 Generating reports
The SAT model generates its results and outcomes in some sort of reports. These reports
contain visualization of the new sustainable neighborhood pattern as well as a calculation
sheet for the neighborhood capital expenditure and pricing strategy. This is explained in
the SAT model’s outputs part.
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5.6.3 Modeling Setup
The setup of the SAT model is explained in this part. It presents how the model depicts
and visualizes the real problem and programatically scales and represents case study
elements and fundamentals.
5.6.3.1 Two-dimensional grid layout
The model has a setup of a two dimensional squared grid layout. This grid represents a
graph layout in which units are presented and plotted (nodes), (5*5) meter square cell has
been chosen to be the scale for neighborhood urban pattern visualization. User defined
elements, land plots and units are modeled in SAT using this grid. The model uses a
genetic algorithm (GA) optimization technique which aims at finding optimized solutions
(arrangements of units) of the desired objective function (optimized revenue) that is a
function of layouts of the model inputs.
5.6.3.2 Representation of units
Knowing that all residential tested units on the land boundary have the same footprint
fixed area, SAT represents the units in the maximum footprint that can be tested via SAT
which is (10*10 meter square). This representation of the land and residential units lends
itself well to spreadsheet modeling, where each grid unit can be represented on a cell. To
define the position of any unit on the land plot, a location reference is formulated by
using the column and row boundaries of the whole land. Knowing the size of all tested
elements, the definition of units’ position is referenced and formulated by identifying the
location of X and Y (center of unit) of each unit.
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5.6.3.3 Analysis Grid two-dimensional grid (Figure 41)
Visibility analysis related to visual impact between dwelling units is mainly tested over a
two dimensional grid that is allocated in the plan and in the section as explained later this
section (actual visible area algorithms).

Figure 41: Anaylsis Grid in section

In the following sub-parts of this chapter, SAT built-in algorithms and how the
quantification of visual quality parameter is presented and linked to the model outputs
highlighting the outputs and model results.
5.6.4 Model Algorithms
In this section, SAT model GAs is explained showing the optimization process and how
it is working on optimizing (maximizing) the neighborhood’s profit margin.
5.6.4.1 The SAT model’s GAs
In (Table 13), research problem identification in terms of genetic algorisms language and
terminology is summarized and explained.
Table 13: GA Terminology/ Idenfication in the SAT model
Terminology

SAT program

Fitness Functions

Optimizing the profit margin of green
neighborhood complex

Number of Variables

variables are the list of (X, Y, Θ) of all units
in the arrangement where X and Y are the
unit's coordinates and Θ is the unit's
orientation angle. Maximum 30 variables

Individuals

The number of units per acre. This number
ranges between 2-10

Populations and Generations

4 is the proposed population size

Parents and Children

Parents are the selected Individuals. They
contain the list of all units in one acre. In
case of 10 units which is the maximum
allowable number, then each parent contains
10* (X, Y, Θ) . Children are the next
generations after crossing-over process
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Giving the desired number of units in a certain neighborhood development, the model
works on generating optimal solutions by applying GAs to SAT. The objective function
is to optimize these units’ prices which is return affect the overall neighborhood
development’s profitability. Hence each unit contains 3 variables (X, Y, Θ); the number
of variables is the summation of (X, Y, Θ) of all units. The individuals from which we
select the parents are the summation of all units in the neighborhood (chromosomes).
Applying the maximum carrying capacity of an acre (10 units/acre), 30 genes are
generated which are (X1, Y1, Θ1), (X2, Y2, Θ2)…. (X10, Y10, Θ10). In this stance, the
developer decided to select 4 parents and start crossover process as shown in (Figure 42)
and (Figure 43).
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Figure 42: SAT GA parents and Population size ( incase of having 10 units/acre
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Figure 43: SAT GA Crossover process
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In some cases, programmers allow for mutation to get better generations. In SAT, it is
allowed for 0.25 % mutation. Consequently, the generated children (units’ arrangement)
can be classified as follows:


Elite children are the individuals in the current generation with the best fitness
values. These individuals automatically survive to the next generation.



Crossover children are created by combining the vectors of a pair of parents.



Mutation children are created by introducing random changes, or mutations, to a
single parent.

In order to generate GAs iterations and produce new generations, SAT variables have
specific algorithms developed based on the model design considerations and constraints.
These algorithms have a special nature as it is related to the visual nature of the
chromosomes (location, orientation, blockage, actual visible areas…etc). These six
algorithms are explained in this section in order to let the reader realize how the model
responds to these variables.
In brief, after discussing the search techniques classifications and going through the trials
and attempts which were examined, the selected technique (GA) was presented and
linked with the developed model for more elaboration. Further to this, the author started
developing and creating all mathematical and programming algorithms concepts being
adopted by SAT model. In the following sub divisions of point (5.6.4) model algorithms
are explained and visually demonstrated by descriptive sketches, graphs and analysis.
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5.6.4.2 Collision detection- Separating Axes theorem
One of the neighborhood design bases is to reject the overlapping of units and regulate a
minimum margin between residential units that satisfy local zoning regulations.
Moreover, LEED ND provides design guidelines for urban pattern and design that
balance between creating livable communities and designing compact developments. In
(Figure 44) the theorem of haivng a clear arrangement of units without any intersection
between the units each other or the units and the fence is presented. It is called Collision
detection methodology; following descriptive illustrations shall clarify the matter.
I. Defining units arrangement technique (using Collision detection methology)
This method is followed to give orders to the
program that overlaped units are rejected.
Steps:
1. Draw a parallel line to any side of the
desired unit that needs to be calculated (
Separating Axis).
2. Draw a perpendicular line ( Separating
Line).
3. project the edges of the units to the
Separating axis
4. This step to be done 8 times to ensure that
the units will not get overlaped.
5. once this method is applied, the following
results are expected:

p

g

Arrangement A

Window 1

Arrangment B : 8 trials should take place to check collision
Expected results:
1.if one check gives that the projection of the
2 units are not crossed/ overlaped, this
means that these 2 units in such arrangement
will not get overlaped.
2. If there is 7 out of 8 trials are overlaped,
also this arrangement will not get overlaped
3. If the 8 trials are overlaped, then this
means that such arrangement is rejected and
the software shall fetch for another
arrangement

Window 1

Separating Line

p

g

Arrangement B

Separating Axis

Figure 44: Separating axes theorem application
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5.6.4.3 Cone of Vision Algorithms
After detecting those units will not overlap or intersect with each other or with the fence
while allowing them the permitted unit boundary/margins, the model shall start the cone
of vision calculation. As has been conducted in chapter 3, cone of vision is determined to
be 60 degrees. This is applied in SAT as the tested window is considered to have a person
standing behind it and looking with a 60-degree cone of vision. This person is not
standing at the middle of the window; he can walk through the room and stand in another
position at the window with a different angle. This hypothesis is called window cone of
vision as the (Figure 45). The figure demonstrates the window cone of vision by drawing
two vectors (red lines) at each edge of the window. At the intersection point of these
vectors and the window at each side, the cone of vision (60 degree) is drawn to measure
the highest degree of visibility that can be seen from the window. As SAT provides 3D
visibility analysis for buildings, in Y axis, the state of the person (standing up or sitting
down) is considered in the calculation. (Figure 46) clarifies this point.
Cone of Vision Algorithms
Identifying Angles of vision
Reception
Window

IHC

OHC

30°

30°

Cone of vision is 60 °
Where:
IHC: Inner half of the cone
OHC: Outer half of the cone

Figure 45: Window Cone of vision illustration

Figure 46: calculating Cone of vision in section

Cone of vision (CoV) algorithms is generated by SAT in a two dimensional plane that
examine the actual visible area seen through the unit’s window by other units’ windows.
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A (SCISSOR ARROWS OF VISION) is drawn for each tested unit to have the maximum
area that can be seen by the window cone of vision. (Figure 47) shows how this
algorithms works in SAT and how the calculations take the 60 degree cone of vision into
considerations.

Figure 47: Cone of vision algorithms

Distorted visions are neglected and this is based on rejecting lines of visions that have
incidence angle bigger than 30 degrees. The reasons behind this consideration are:
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-

Reduce the vision margin to give better arrangement with minimum visual impact. In
other words, if the window cone of vision is considered to be 60 degrees on each side,
this will give higher visual impact values in neighborhoods as the wider the angle of
the cone of vision, the higher the values of visual impact will be.

-

Avoid distorted vision or temporary taken scenes

5.6.4.4 Visibility Analysis Algorithms (Analysis Grid Allocation and Cone of
vision projection)
Projected areas in Analysis grid are the actual visible area seen through the unit’s window from
other arrangement’s units’ windows. Figures (Figure 48) and (Figure 49) explain this separately in
Y and X analysis which are summed up together to produce 3D geometrical visibility analysis.

Visibility Analysis Algorithms

IV. Allocating the Analysis Grid and calculating the percentage of exposure in PLAN
Steps:
1. Allocating Analysis Grid (10 m*3m) in a
distance of 1 am behind the window
2. Project the lines of visions and measure
the exposed distance in PLAN.

X1
Analysis Grid

Plan View

Window 1

10 m

Analysis
Grid

Window 1

1 m from the
Reception
window

5m
Analysis Grid
Section A-A

Figure 48: Visibility Analysis Algorithms in X 2D dimensional plane

Section View

Visibility Analysis Algorithms

V. Calculating the Percentage of Exposure in SECTION

Analysis Grid

Analysis Grid

Y2

Y1

Steps:
3.Measure the exposed distance in SECTION.
4. Lower line of vision is extended from the
lower edge of each window; whereas, the
upper arrow is extended from a distance of
(2.00 meter height) from the floor. ( This
distance is estimated as the maximum height
of a person would be 2 meter height)
X Grid= 10 m

Section A-A

Y Grid=
3m

Grid Dimension

Figure 49: Visibility Analysis Algorithms in Y 2D dimensional plane
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The following equations summarize the visual impact calculations within the SAT model:

𝑉𝑄𝑃 = 𝑁𝑅 ∗

1

𝑉𝐼

− − −(5.2)

VI = ∑𝑛𝑖=1 ∑nj=1 ai,j --- (5.3)
𝑖, 𝑗 = 1,2, … 𝑛

{𝑎𝑖,𝑗 , 𝑖 = 𝑗} = 0

𝑎𝑖,𝑗 =

mj b
b
𝑚𝑖
∑k=1
∑l=1( k,l+ l,k )
2
--mi ∗mj

(5.4)

𝑤ℎ𝑒𝑟𝑒: 𝑚𝑖 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑖𝑛𝑑𝑜𝑤𝑠 𝑖𝑛 𝑢𝑛𝑖𝑡 𝑖
𝑚𝑗 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑖𝑛𝑑𝑜𝑤𝑠 𝑖𝑛 𝑢𝑛𝑖𝑡 𝑗

𝑘 = 1,2 … … . 𝑚𝑖
𝑙 = 1,2 … … . 𝑚𝑗

𝑏

𝑋 𝑌
𝑘,𝑙=� 𝑘,𝑙 𝑘,𝑙 �−−−(5.5)
𝐴𝑙

Weighting related to visibility range explained earlier in chapter 4 is applied to VI value
before adding it to equation (5.2).
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5.6.4.5 Calculation of Actual visible Area Index (Visual Impact) Algorithms
After allocating the grid one meter behind the reception window inside each unit in the
neighborhood, the model starts examining the actual visible area in terms of visual impact

VI. Calculating Actual Visible Area for a unit
Steps:
1. Calculate the total exposed area (X*Y) in the
grid.
2. Estimate the percentage of exposure ( The
yellow area/ Grid analysis area)*(100/100).
3. This to be done to each unit with each every
other unit in an arrangement. ( if the
arrangement contains 3 units, then each
window will have this calculation 2 times and
then summed up to give the ( unit exposure
percentage.

X Grid= 10 m

Y
Grid= 3
m

Plan View

Calculation of Actual visible Area

(Figure 50).

Percentage of Exposure (%) = (X1 * Y1)
(X Grid * Y Grid)

Figure 50:Calculating actual visible area ( UNIT)

The objective is to enhance the visual quality of the neighborhood aiming at minimizing
the visual Impact Index and that depends on the way chosen for calculations). (Table 14)
summarizes the calculation g internally generated in SAT to examine the visual impact
index for a certain neighborhood that contains 3 units.

Table 14 : Estimating
each unit unit
exposre
percentage
among the other units in the neighborhood
unit 1
2
Unit3
Exposure %
Units
25%

Unit 1
Unit 2

35%

Unit 3

45%

15%

Unit
Exposure
percentage

40%

20%

25%
45%

35%

Summary of
visual Impact
of each unit

Units

Unit 1

40%

Unit 2

20%

Unit 3

35%

The second step in this algorithm is that to determine the neighborhood overall visual
impact index (Figure 51).
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Calculation of Actual visible Area

VII. Calculating Actual Visible Area for an arrangement ( Iteration)

PlanView

One of the objectives of this program is to
determine the best arrangements (Location and
Orientation) that gives visual Impact minimum
exposure percentage within the complex.
(visual Impact= 1/ Privacy)
Steps:
5.After calculating the units' visual Impact
exposure, this calculation is done (n times)
where n is the number of iterations that will be
done to reach the best arrangement that meets
the minimum exposure. (minimum average
value)

Figure 51: Calculating actual visible area ( ALL UNITS)

For an example: if we have 4 iterations, the following calculations as tabulated in (Table
15) are

generated in SAT.
Table 15: Iterations averages
Iteration 1

Iteration 2

Iteration 3

Iteration 4

Units

Exposure %

Exposure %

Exposure %

Exposure %

Unit 1

40%

20%

30%

15%

Unit 2

20%

45%

10%

20%

Unit 3

35%

60%

35%

25%

Average

32%

42%

25%

20%

5.6.4.6 Calculation of Actual visible Area Index (Access to views) Algorithms
The second objective of SAT is to give the best arrangement (carrying capacity, location
and orientation) that gives the maximum possible average of visible area of Natural
Resources in the neighborhood development (natural resource of exposure- NR). After
deciding the location of the natural resource ( the location can be changed till the SAT
model generates the optimum layout with maximum (NR) index), calculation to
determine the actual visible area of it is generated internally as shown in (Figure 52).The
first step is determine NR % for each unit separately and it is divided into two processes.
The first process is to calculate the actual visible are of the natural resource as shown in
(Figure 52).
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IX. Calculation of Actual Visible Area Index
The second objective of SAT program is to calculate the
best arrangement that gives the maximum access to
views. The Natural Resources (NR) percentage of
exposure from all units in the complex is calculated.
Steps:
1. extend line of vision from the unit's window till they
reach the natural resource.
2. Estimate the actual visible area index (AVI) of the unit
as following equation. ( The bigger the AVI, the better
view)
3. Calculated AVI to be weighted to calculate the NR

layout

Natural
Resource
visible area
by unit

20 m
40 m
60 m

NR Actual Visible area Index (AVI) =

80 m

N /M

where: N is the actual visible area by the unit and M the
mazimum exposed distance of the NR

Figure 52: Access to views- NR calculations

The second process is the weighting mechanism (Figure 53). The determination of (NR %) is a
factor of the distance between the tested unit and the NR and the actual visible area.

layout

Calculation of Access to views-NR%

X. Calculation of Access to views – Natural Resources exposure percentage ( AVI and Distance)
The weighting technique is to consider the distance
between the unit and the Natural Resource within the
visibility Anaylsis.
Steps:
3.The shortest distance between the unit and the Natural
Resource. (Distance L).
4. This step is to be done to all units ( AVI table )
5. A V factor ( Visibility Factor) is used to give weight to
the distance between the NR and the tested unit.
6. As the following equation shows, the AVI is multiplied
by the distance and V factor (Commercial and Livable
Communities aspects Considerations)

Iteration 1

Iteration 2

Iteration 3

Iteration 4

Units

NR (AVI)

NR (AVI)

NR (AVI)

NR (AVI)

Unit 1

0.67

0.50

0.55

0.15

Unit 2

0.83

0.45

0.30

0.20

Unit 3

1.08

0.60

0.35

0.25

Unit 1- NR Percentage of Exposure (%) =
( N1/M1) *(VFActor)* Distance L1
where: N1: the actual visible area by unit 1
M1 : the mazimum exposed distance of the NR by unit 1
L1: The shortest distance between unit 1 and the natural Resource
V Factor: Visibiltiy Factor (-0.06)

Figure 53: Access to views weighting mechanizm

The last step in performing Access to views algorithm in SAT is to sum the values of all units
XI. Calculation of Access to views – Natural Resources Exposure percentage- within an arrangement
Steps:
1.This step is to be done to each unit in the complex.
2.For each unit, there is a NR Actual Visible area Index
(AVI). ( The bigger the AVI, the better view)
3.For each arrangement ( Iteration) there is an average of
NR percentage of exposure of all units is calculated.
4. Calculated AVI is ready now to be weighted to calculate
the NR percentage of exposure ( Access to views).

layout

5.7.4.8 Calculation of Access to views NR all units

Natural Resources exposure as (Figure 54).

Average NR Percentage of Exposure (%) =
( N 1-x /M)*(V factor)*Distance L 1 -x
where: N1 -x: the actual visible area by all units
M : the mazimum exposed distance of the NR by all units
L 1 -x: The shortest distance between units and the natural Resource
V Factor: Visibiltiy Factor (-0.06)

Figure 54: Access to views- NR- All units- calculations
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Case Study



For more elaboration on the way of calculating (NR %), a case study is presented (Figure
55).

Inputs:
Number of units: 3 units
Location of Natural Resource: Centre (X=30, Y=30)
Iterations Outputs: 3 arrangements are considered (candidates) to examine the optimal
layout arrangement for the neighborhood development.

Figure 55: three cases of different location and orientation

The following (Table 16) shows the mathematical calculations done inside the genetic
algorithms process.
Table 16: Terminology of Natural Resources (NR %)

TERMINOLOGY
Natural Resource-NR
exposure % of each unit

DESCRIPTION
N1/M1 where N1 is the actual visible area by the unit
divided by the total actual visible area that can be seen by
all units ( √(10)2 )

Factor of Visibility

0.06/linear meter as calculated in chapter 4

Distance

As SAT calculates

Natural Resource-NR%

NR exposure%+(FV*Distance)

Sum of NR%

∑ ((Unit1) NR %+( unit2) NR %+( unit3) NR %)

Finally, this was a quick exercise to show how the NR% calculations are generated inside
the SAT model. A case study shall be discussed in chapter 7. By this part of the chapter,
the SAT model algorithms are presented and explained with visual illustrations.
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5.7 Outputs
The SAT model outputs contain three main findings: (1) the visualization/ display of
neighborhood development layout arrangement that defines the location (X, Y) and the
orientation (Θ) of each unit, and the development density (low, medium, high
development density), (2) a proposed marketing strategy to price sustainable units, and
(3) the maximum profit that can the real estate developer get from building a certain
desired neighborhood development.
When planning and designing a neighborhood development and once the owner has a
preliminary feasibility and financial model that ensure the project’s profitability, planners
start evaluating and analyzing the urban pattern to quantify units’ premiums. Based on
the design, location and orientation preferences of each unit, the price is formulated. The
SAT model works on optimizing the space (neighborhood development) by enhancing
the location and orientation preference of all units to maximize the profit without any cost
implication.
SAT model generates reports that link between the visual quality parameter in a certain
neighborhood development and the pricing strategy that should be followed in estimating
the units’ prices; both are optimized to generate maximum profitability. The SAT model
hidden calculations support the model in providing constructive sustainable solutions for
real estate developers who aim at building and selling green neighborhoods.
SAT generates A4 report for each case has been tested. The report (Figure 56) contains all
the necessary information about the project (Project name, owner…etc) and the results of
SAT analysis. The report presents the visual arrangement of the urban pattern and the
feasibility study of the project showing the settled pricing strategy proposed by the
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model. This competitive strategy that meets the owner satisfaction in terms of
maximizing the project revenue and position the development in a competitive edge in
the market due to the attractiveness credits it surrounds. The model solutions provide
middle-class tenants with high quality visual environment in their desired green new
neighborhood. Reports are explained in detail and presented in chapter 7.

Figure 56: SAT generated Reports

5.7.1 Real Estate developer decision in considering sustainable solutions by
SAT
Users of the SAT model should first have a preliminary design and financial model for
the desired neighborhood development in which they plan to adopt green concepts. With
planned objectives for greener and more sustainable neighborhoods, developers are
required to follow the SAT model instructions and provide conventional assumptions of
their neighborhoods. The SAT model deals with these assumptions and generates
sustainable solutions after implementing quantification and optimization processes.
Series of calculations and computation processes run inside the SAT model; these
calculations are discussed in this part of the chapter while a case study is presented in
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chapter 7for more elaboration. To generate outcomes, the SAT model goes through three
main stages as follows (Figure 57):
(1) Total Capital Expendetures of the neighborhood
conventional Neighborhood assuptions and calcualtions

(2) configring the main features of the neighborhood and adjust the assuptions
of the conventional neihborhood to have a sustainable project.

(3) Apprach to the Optimization and generating sustianable solutions
maximizing the neighborhood development profitability
Figure 57: The SAT model stages of generating results

5.7.2.1 First Stage
The calculation of total capital expenditure is divided into three main steps: land price,
unit construction cost and neighborhood pattern and utilities cost. The following lines
will explain how the SAT model generates solutions and pricing strategy that is reflected
in the input screen presented earlier this chapter.


Land price

The first step is to determine the land price by knowing the square meter’s price in the
location district (neighborhood district) and distribute its price over the whole
neighborhood’s units.


Unit base cost

The second step is to determine the base cost of the units. The base cost is the minimum
price that the owner can sell the project units with. It is the construction cost (dry cost) of
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the unit added to the markup and profit of the contractor. The design fees are considered
also but for the whole neighborhood development.


Neighborhood pattern and utilities cost

It was a must to decide in which basis he will build up his hypothesis. Some figures have
to be variables so that once it is changed; the total values are adjusted accordingly.
Number of units and number of unit’s floors are variables where the footprint of all units
remain the same (14*14) meter square (Design limitation).
5.7.2.2 Second Stage
The second stage of the calculation is to adjust the assumptions to meet LEED
requirements and generate sustainable solutions for the desired neighborhood
development. Once the number of units (land carrying capacity) is decided, development
cost calculations are generated by multiplying the cost per meter square assumptions by
the open space areas, each item separately (area for landscaping, passages, corridors,
parking lots, soft cape and fence). This cost also is subject to contracting firms indirect
and overhead.
Depending on the number of units, the open space area is calculated as shown in the
below equations (5.6) and (5.7).

𝑠ℎ𝑎𝑟𝑒𝑑 𝐿𝑎𝑛𝑑 𝑝𝑟𝑖𝑐𝑒 𝑖𝑛 𝑒𝑎𝑐ℎ 𝑢𝑛𝑖𝑡 =

𝑙𝑎𝑛𝑑 𝑝𝑟𝑖𝑐𝑒
− − − (5.6)
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑢𝑛𝑖𝑡𝑠

𝑠ℎ𝑎𝑟𝑒𝑑 𝑈𝑟𝑏𝑎𝑛 𝑝𝑎𝑡𝑡𝑒𝑟𝑛 𝑝𝑟𝑖𝑐𝑒 𝑖𝑛 𝑒𝑎𝑐ℎ 𝑢𝑛𝑖𝑡 =

𝑈𝑟𝑏𝑎𝑛 𝑃𝑎𝑡𝑡𝑒𝑟𝑛 𝑎𝑛𝑑 𝑑𝑒𝑠𝑖𝑔𝑛 𝑃𝑟𝑖𝑐𝑒
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑢𝑛𝑖𝑡𝑠

− − − (5.7)

By this, the SAT model has stored all data needed to start working on the quantification
and the optimization processes. The total expenditure of the neighborhood development
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is calculated and based on the new assumptions related to sustainable solutions; the SAT
model will adjust the calculations accordingly and start generating results.
5.7.2.2 Third Stage
From simple regression analysis explained in chapter 4, the visual quality parameter of
the neighborhood is determined and quantified. Based on the user (landlord) financial
and commercial initial assumptions and visibility measurement and analysis that SAT
generates, the visual quality index of the tested neighborhood is calculated and units
selling price is estimated. A case study is presented in chapter 7 for better elaboration.

5.8 Model Limitations
5.8.1 Land Area and shape
If the neighborhood development is more than one acre (Figure 58) and (Figure 59), then
the user has to divide it into segments (acres) and deal with each acre as a separate
neighborhood (the green boxes) that has its own natural resource and parking area
(introvert orientation). This design consideration is referred to the LEED- ND reference
guide and recommendations, in terms of land carrying capacity calculations. The land
carrying capacity / development capacity is measured by calculating the number of
dwelling units per acre; 7 units/acre for the medium density, and 8-10 units/acre for the
high density calculations. Accordingly, the acre was used as the model’s unit of measure.

Figure 58: Neighborhood over more than
one acre without a dominant NR

Figure 59: Neighborhood over more than
one acre with a dominant NR
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The following options may appear:
I.

In case there is not any natural resource within the one acre, the user shall at least
highlight its direction to orient the prototypes towards it. (The white colored boxes).

II.

In case there is a main Natural resource (white box) inside each acre, and there is a
“Domain” natural resource for the whole neighborhood (blue Zone), then the user has to
orient each acre separately towards this dominant view. This is to be done after getting
the optimal arrangement of units within each acre separately by using the SAT.

5.8.2 Land Topography
The model is developed to give solutions for a flat land. One of the model limitations is the land
topography factor. In the case of designing the neighborhood development while neglecting the
topography has the following consequences:
I.

Designing on the worst case scenario as the topography may give better solution in
terms of visualization, visual impact and access to views.

II.

Land topography affects the access roads networks and natural resources allocation

5.8.3 Prototypes heights
Another limitation matter is the prototypes heights (Figure 60). SAT is developed to
calculate the visibility analysis (visual impact and access to views) one floor at the time
(ground floors, first floors…etc) and each unit is examined by other windows which are
on the same level/ height. This is due to the way of calculating the lines of vision. SAT
deals with all line of vision in 2D; however, it generates 3D analysis by multiplying (X
value* Y value) to get the actual visible area by “others”. However, the user can
overcome this limitation by considering the ground floor is the worst case design due to
the following concerns:
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I.

The ground floor has the maximum visual impact because of walking areas for
pedestrians.

II.

The ground floor has the minimum access to views’ percentage-of-exposure due to
having many obstacles that can eliminate the view. (Trees, pedestrian way, cars,
units….etc) especially if the natural resource is not allocated in a higher place in the
land.

5.8.4 Windows Opening

Figure 60: Single Story units in section

All windows that are being tested by the SAT model are considered to be the units’ reception
windows. This window is (5m wide, 1.5 meter height, with 0.9 meter in sill height). The chosen
dimensions are based on the following considerations:
I.
II.

The window width (5.00 meter) is half the façade width (10 meter)
Such assumption shall eliminate the possibility of having better solutions, for instance if
we inverse the window coordinates. For instance, if the window was 2.00 meter wide in
the east side of the wall, then definitely having it on the left side of the wall would give a
different solution for the arrangement of the units within the neighborhood development.
(Eliminating variables).

III.

The window opening (Figure 61) can be substituted by 2 windows with the same height
and sill height. For example, 2 windows with 2.00 meter in width. This is in case the
window’s façade contains more than one area identified behind it (mixed use option).

Figure 61: Showing possible alternative window size and number
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5.8.5 Prototype size and shape
The shape and the size of the unit (14* 14) meter square are constant in all the units being
tested. This is considered to be one of the design limitations in the SAT program. The
rationale behind this limitation is:
I.

To minimize the number of the openings those are being tested.

II.

To minimize the number of visibility calculation (visual impact) between dwelling units.

III.

To minimize the design variable in the SAT iterations, by changing the size of the units.

IV.

To minimize the design variables in the SAT iterations, by changing the unit’s shape for a
better view (visual impact and access to views) analysis.

The user can use the recommended arrangements generated from the SAT model and
implement the same design to multi story units; however, it will not give the same results.

5.9 Chapter Summary
In this chapter, the development of the SAT model was presented. The quantification of
the visual quality parameter was successfully achieved. The development of this model
depends on the quantification of the visual quality indices (visual impact and access to
views). SAT is user-friendly model that does not need strong supporting systems to work;
the interface and the navigation between the model’s menus are self-explanatory. To
create the SAT model, several trails took place in order to find the search technique and
coding that would perfectly fit to the study problem. The Genetic Algorithms (GAs)
application showed interesting and reliable results, while the utilization of ECOTECT
was important to realize and understand the means and tools of measuring degrees of
visibility within a project.
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Successfully, the observed visibility analysis of ECOTECT was linked to the GAs
application in an evolutionary model (SAT) developed in Excel Microsoft office. This
chapter presented the model algorithms in detail and explained each on mathematically
with illustrations. The inputs of the conventional cases are the core of the model
calculations. The model generates new green neighborhood patterns with competitive
pricing strategy to all the units of the neighborhood compared to conventional ones. The
SAT model has design limitation and constraints same as any other software; future work
and recommendations to other researchers to cover these gaps.
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6. SAT MODEL VALIDATION
6.1 Model Requirements and Specifications
To validate any model, the basic requirements of it should be identified in order to check
if the developed model is achieving the requirements. In (Table 17), the principles of
SAT are summarized and tabulated in terms of general specifications, inputs, results, and
outputs.
Table 17: Principles of SAT software

PRINCIPLES OF SAT SOFTWARE
Software Requirements Specification

GENERAL SPECIFICATIONS:
1. To test a proposed number of residential units in one acre land.
2. Units flootprint does not exceed 10*10 meter square area "each".
3. Tests applied to units are based on GA application model that generate solutions to
give the best arrangement of units in terms of minimum visual impact and maximum
exposure to Natural Resources
4. SAT considers that North Direction is always in the north.
INPUTS SPECIFICATIONS: [shall include the following]
- Number of units needs to be tested by SAT
- Location of the Natural Resource (NR) within the land- in case the user is not
sure where to allocate the NR, it can be located each iteration in a different
place till the user reaches the best arrangement.
RESULTS SPECIFICATIONS: [ should not give any solution that has the
following feasures]
- Overlaped units in 3D modeling (X ,Y, Z) directions
- Overlapping between the units and the Fence
- Without Maintaining unit boundary: a minimum distance of 2 meter around
each unit
A
h
b
d(
'
d
( *1 )
OUTPUTS SPECIFICATIONS: [should include the following]
- Results formulated in one A4 page
-The report shall generate the following:
- Project data ( Name, Location, Owner, and Preliminary Budget)
- Preliminary Project Construction Cost
- (X,Y,Θ) of each unit
- selling price of new units ( Green Units)
- Cost of green units
- green project revenue(being optimized)
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6.2 SAT Validation and Verification Questionnaire
The following questionnaire (tables 29-33) was developed to gather opinions about the
proposed model from potential users and critics.
Table 18: Validation and Verification Matrix expert 1
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Table 19: Validation and Verification Matrix expert # 2
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Table 20: Validation and Verification Matrix expert # 3
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Table 21: Validation and Verification Matrix expert # 4
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Table 22: Validation and Verification Matrix expert # 5
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6.3 SAT Validation and Verification Feedback
The proposed model was explained to five engineers in different companies, before
applying it on their own projects. The background of these engineers varied between
urban Planner, project controls Engineer, Programmer, design Consultant, and faculty
Professor. The case study was presented to them with an extensive explanation of all the
calculations and assumptions conducted in this framework. The Validation and
Verification (V&V) matrix connects to all points related to the model design limitations,
constraints, algorithms, performance, results level of confidence…etc. (Table 23)
summarizes strength points.
Table 23: Strength and Weakness Summary Report ( Part A)
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According to those engineers, when the model was applied to real projects to ascertain its
capabilities, it proved a high level of performance compared to actual results. (Table 23)
shows interesting feedback as the main points of V&V matrix were considered to be
within high range of evaluation ( above 70%), and this indicates the success of the SAT
model being commercially known and licensed. (Table 24) summarizes the model
weakness points for further future modifications. Future work on the SAT program would
be to amend, as much as possible, the weaknesses and start contacting LEED ND for
future commercial commitment with U.S. Green building council.

Table 24: Strength and Weakness Summary Report ( Part B)
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7. CASE STUDY (SIMULATION), RESULTS and ANALYSIS
Introduction to User
In this part of the thesis, the SAT model is being tested by examining a case study to
observe the model’s performance and report its outputs and evaluate and validate its
generated reports. In order to examine SAT sustainable neighborhood schematic
solutions, users should have an idea about how a conventional neighborhood would be. A
case study is presented in this chapter as for to provide a comprehensive application for
the use of the SAT model in order to analyze and evaluate the SAT model’s performance
to generate realistic, reliable and valid sustainable solutions. Users should interpret and
compare SAT sustainable solutions to the conventional solutions that were identified and
formulated prior to using the SAT model. This enables the user to compare both
solutions, and to choose the one that balances between a better livable community and the
owner’s revenue.

7.1 Conventional Approach (Grid Planning)
7.1.1 Case study main features
The selected conventional neighborhood has the following parameters and quality level:
-

It is a residential neighborhood development in 5th settlement, New Cairo,
Egypt

-

Assumptions are based on one of the multinational contracting firm in Egypt.

-

Calculations are to estimate the total capital expenditure of a neighborhood
development

-

All units are same in terms of location preference, closeness to amenities,
view, interior design, footprint, services provided.
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-

Calculations are subject to marketing, financing and insurance fees

-

Construction cost of units is estimated based on the current market material
prices (Steel and Concrete, brick) August 2011.

-

Site utilities (nodes and points) are provided by District Authorities up till the
land entrance; infrastructure work inside the neighborhood has to be
calculated and divided over the unit construction cost.

-

Units are priced based on specific quality level: A luxuries finishing that
contains windows and doors frames, apartment’s door, interior wooden doors(
Standard),

one layer of plastering and necessary electromechanical

installations.
-

All units also are a-three-story residential units with a total built up of 140
meter square each.

Total capital expenditure of a neighborhood has to be determined as it is the core of the
calculation in which the developer will decide (GO or NO-GO) for a green concept. The
total capital expenditure is a function of the following:
-

Number of units in the neighborhood (Land carrying capacity). This is an essential to
be decided as the SAT model promotes for better livable communities that meet
LEED recommendations (10 units/ acre) for high development density and (7 units/
acre) for medium development density.

-

Unit’s floor area ratio (Units' footprint): As depend on the total units’ footprint, the
infrastructure, utilities, and landscaping works are determined.

-

Unit built-up area as for the construction cost and material estimation.

-

Unit design and form which contributes to a big portion in the investment cost
(Neighborhood design fee). A lump sum value for the whole development is
estimated in percentage.

-

Contracting firm markup, head office and profit to be included as a percentage in
calculations (20%) - for an example.
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7.1.2 Case study description

A partial zone (SPRING Zone) of a residential neighborhood in New Cairo, 5th settlement
district is being tested. There were two conceptual design developed by the planner as
shown in (Figure 62) and (Figure 63). The conventional urban pattern contains (12
units/acre). (Table 25) summarizes the conventional parameters with the pricing of units
and the development expected revenue. The information contains the construction cost of
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Figure 63: Neighborhood- Spring Zone-Staggered
Pattern

This case study contains (12 units/ acre) as a development density. This density is not
recommended by LEED, or by other green standards, to be the implementation approach
for a better building community. Also no visual quality parameters are considered while
designing this pattern. All units have the same privilege on site (degree of visibility), thus
all units have the same cost. From this example, the unit’s base cost in a conventional
neighborhood pattern can be identified and then utilized it in the SAT visibility analysis.
These calculations are exempted from any quantification of visual quality parameter.
Such measurement is to be considered after being formulated via using the SAT model.
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Based on the above assumptions, the expected revenue generated from the conventional
neighborhood was 5.15 million EGP.
The next step is to calculate the overall neighborhood units’ construction cost which is a
function of the desired number of units which should be taken with respect to LEED
recommendation to meet the desired rating system and certification.

7.2 Greening the conventional approach (SAT simulation model)
In this part, the SAT model will work on the in hand case study and try to produce
optimized solutions. Working towards greener communities, the conventional case is
converted to the following urban pattern option:
-

The iteration was done by setting the number of units as a high development density
(10 units/acre) and having the natural resources ( site’s premium category B) at the
northern west direction of the plot land

7.3 Green solutions- SAT Reports (ND with 10 units)
This iteration gives an optimized arrangement for the new neighborhood while
considering that the visual index and the natural resource index have the same weight. As
it is shown in the below illustration (SAT print screen, Figure 64), the layout is displayed
showing the units in numbers; visual data regarding units’ location and orientation is
tabulated automatically in (Table 26). Units’ financial data is tabulated in (Table 27) which
give an overall increase in the neighborhood revenue to reach 5.41 million EGP. The
VQP values are tabulated (I) with the cost premiums (II). Further to this, it shows also
units’ cost (green cost) after adding the cost premiums (III) mentioning that these values
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are subject to landlord’s markup and profit percentages. Finally, the differences between
units’ prices in percentages are also displayed (III). By this the developer shall have a
tool to design greener communities and a pricing strategy to estimate constructive prices
for his neighborhood development that would better position its development in the
market.

Figure 64: (Visual Report)- 10 units

Table 27: Visual Quality report and Cost permuim (10 Units)
VQP= 2384
X+508997
EGP

Green Price
EGP

Extra to
Conventional

50.00

28,197

90.00

123,557

7%

70.00

75,877

4%

40.00

4,357

90.00

123,557

100.00

147,397

100.00

147,397

6%

64.00

61,573

100%

5%

50.00

28,197

100%

10%

100.00

147,397

478,657
574,017
526,337
454,817
574,017
597,857
597,857
512,033
478,657
597,857

6%
27%
17%
1%
27%
33%
33%
14%
6%
33%

privacy
index (%)

Access to
views (%)

1

20%

5%

2

100%

9%

3

100%

4

100%

5

100%

9%

6

100%

10%

7

100%

10%

8

100%

9
10

Units

Units base
cost-EGP

450,460

Table 26: Units Coordinates and
rotation angle (10 units)

Visual Quality
Paramter

5,392,106

Green Neighborhood units optimized Price

I

II
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III

IV

As it can be noticed, the layout is displayed in a sketchy way just to allocate the units and
spatially configure the neighborhood development. Design improvement and landscaping
is required to have a comprehensive conceptual design for a sustainable neighborhood.

7.4 Analysis and Discussion
After conducting the run in the SAT model to a conventional neighborhood development
(10 units), the user can assess the outcomes and compare them to the initial solution he
has prior to utilizing SAT model. In the following, analysis and discussions are presented
to evaluate the SAT model’s performance. The analysis is divided into three main
categories: (1) the neighborhood development layout visualization, (2) the improvement
in the owner’s project profitability and (3) the proposed pricing strategy for the units.
7.4.1 Arrangements (Location and Orientation)
In terms of visualization and urban design pattern, the model successfully generated
layouts designed and aimed at optimizing neighborhood spaces, enhancing the visual
quality parameter in neighborhood developments, and maximizing the owner’s
profitability.
Although the results of the case study might seem to be naturally solved and achieved by
developers without using SAT tool, the following comments can clarify the matter and
show the differences:
- The orientation angle is not a constraint (not rotating on a constant rhythm), which
gives an arrangement with minimum degree of visual impact and maximum degree
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of visibility of natural resources on site. This arrangement would never be a result of
conventional urban planning.
- Quantification of visual quality (visual impact and access to views) is reflected on
the units cost; that would enhance the life cycle costing of the neighborhood as a
whole.
- The calculation of the visual impact and natural resources for each unit is potentially
desirable to any developer, creating a space for better marketing and sales
competitiveness.
- The generated model encourages the use of visualization in cities and countries
neighborhood development for better urbanism.
7.4.2 Neighborhood development profitability
The utilization of the SAT model generates higher profitability to real estate developers
as it works on enhancing the visual quality parameter of all possible units as shown in
(Figure 66). This visual and spatial improvement has a direct impact on the profitability of
the project. From the real estate developer point of view: designing sustainable
neighborhood development shall increase the units’ premium which is reflected on units’
prices. Moreover, these prices are affordable by the targeted sector (potential users) as the
quantification of the visual quality was based on their response which is the core of this
study. As shown in graph (Figure 66), the profitability of the project is not always directly
proportional with the increase of the development density as at a certain number of units,
the revenue decreases as the VQP decreases as well (Figure 65).

105

100
5.41

5.40

90

Visual Quality Value

Millions
Revenue

5.50

5.30
5.20

5.15

5.10
5.00

4.97

4.90

Neighborhood …

4.80

90.00

80
70

70.00

60
50
40

40.00

VQP

30

5

6

7

8

9

10

11

12

13

5

6

7

8

9

10

11

12

13

Neighborhood developemnt Number of units

Neighborhood developemnt Number of units

Figure 66: Case study analysis; Neighborhood density Vs
revenue

Figure 65: Case Study analysis: Neighborhood
density Vs VQP

7.4.3 Pricing Strategy

As shown in the case study, the SAT model built-in calculations were successful enough
to develop a formula for pricing the units and optimizing the owner’s (developer)
revenue. From the conducted survey in the construction sector, the conventional cases
were analyzed, and the base cost of the unit was estimated. Additional cost to
conventional units is justified and has constructive rationale behind it. Considering the
visual and spatial quality parameter in the feasibility study of a new development
enhances the costing life cycle economically, and adds values to living communities.
With better orientation, location of dwelling units and allocation of natural resources on
site, the owner (developer) can have a green label communities with no occurrence of
cost impact, in addition to a higher profit ( revenue margin). This increase in the selling
price has its weight within the targeted sector of the market (middle-class tenants), based
on whose feedback, the quantification was conducted.
To realize and fully understand the model capabilities and the potential uses, the user has
to read the thesis in line with practicing the model, in order to become more familiar with
the model options, inputs, outputs, and overall qualifications.
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8. CONCLUSIONS AND FUTURE WORK
8.1 Conclusion
The proposed approach in this thesis incorporates the quantification of visual impact and
access to views indices through a 3D simulation process. This is achieved by using
Evolutionary Algorithms (EA) to develop a design decision support tool that fits and
assists designers and planners to build green sustainable livable communities. Hence, a
justified and well studied pricing strategy is presented to real estate developers in order to
price their dwelling units and estimate revenues.
A user-friendly prototype model (Spatial Analysis Design Tool-SAT) operating in
windows environment was developed based on the proposed approach to facilitate its
application. The thesis overall outlines and gives a detailed methodology for quantifying
visual quality parameter in green neighborhoods.
With respect to conventional neighborhoods planning and pricing strategy, several
shortcomings result in terms of neighborhood high density and the overlooking of the
visual and spatial quality parameter. On the other hand, in case of utilizing the SAT
model, the short-term benefits are enhancing the quality of neighborhoods, providing
healthier livable communities, achieving sustainable certifications, and generating
profitability by considering the visual quality parameter. Whereas, the long-term benefits
are positioning real estate developers at a competitive edge in the market, promoting for
building green communities, and in the near future, exempting from taxes and some
governmental charges.
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After providing the developed model with the required data related to desired
neighborhoods developments (Land carrying capacity or density, allocation of natural
resource, commercial calculations), GA application runs the model generically and
pragmatically to generate optimum solutions for the units layout. Such layout aims at
maximizing the visual quality of the neighborhood (Visual Impact index (VI) is at the
minimum and the Access to Views (Natural resource index- (NR) is at the maximum) and
maximizing the profitability of the development.
By the completion of the simulation process, users are automatically redirected to the
final results represented on an A4 graphical and informative report. This report has two
main parts: the first part is the neighborhood pattern and the descriptive tabulated
calculations of visual quality parameter (VI and NR) values, while the second part
contains the pricing strategy and the owner revenue (model optimized fitness function).
These outputs are considered a decision support tool for decision makers in the Real
estate field.
Using the SAT outputs, together with and the graphical chart from the 3D analysis,
designers/ urban planners and decision makers can perform what-if-scenarios that provide
them with a detailed picture of the consequences accompanied to their decisions (by
changing the allocation of natural resources and changing the number of units).

8.1.1 When to use the SAT model
The SAT model is to be utilized in one of the following scenarios (Figure 67):
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(I)The real estate
developer does not
consider the VQP in his
pricing strategy

(II)The real estate
developer may consider
the VQP for a higher
profitablity but with a
fixed neighborhood
development density

(III)The real estate
developer shall consider
the VQP and its cost
premuim and willing to
change the neighborhood
development density

Figure 67: Scenarios for utlizing the SAT model

In the first scenario, the SAT model will work on providing an optimized layout without
any occurrence of cost premium. In other words, the model will enhance the spatial
quality of the neighborhood with no cost impact on the units’ prices.
In the second scenario, the SAT model will work on enhancing the neighborhood visual
and spatial quality parameter and shall incorporate the cost premiums resulted. It shall
work on maximizing the number of highly visual quality units in the neighborhood while
minimizing the number of units that have the maximum values in visual impact and
minimum values of natural resources percentage of exposure.
In the third scenario, the SAT model shall work on enhancing the neighborhood
development’s visual quality parameter by optimizing the units’ location, orientation and
number till it reaches the optimal layout. Moreover, it proposes the marketing strategy to
price the new sustainable units which aims at maximizing the real estate developer
profitability in the desired project.
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8.1.2 Why to use the SAT model
By using the developed model in this study, decision makers cane:
-

Enhance LCCA by incorporating visual quality indices to conventional LCCA
calculations

-

Develop a decision support tool for designing green neighborhood pattern.

-

Examine the visibility analysis within neighborhoods and design the urban pattern
accordingly.

-

Provide optimal land carrying capacity that reflects the targeted development
density (medium or high density).

-

Facilitate a design enhancement option to sketch and design parking areas, biking
racks, public storage areas and land entrance to have a compliant neighborhood
pattern that meets the LEED ND rating system requirements and credits.

-

Assist on deciding the Land carrying capacity ( compromise between building
healthier communities with high level of visual environment and maintaining a
competitive pricing strategy that meets middle- class tenants affordability and
maintaining maximum revenue to owner (multi-objective function).

In addition to the above advantages, the model can operate on handheld or portable
devices. When the performance of the developed model was tested by consultants and
real estate developers active in the market, it met their expectations and gave very
interesting outputs that revealed high level of the proposed model capabilities. On the
other hand, it maintains maximum revenue to owner (multi objective function). Finally,
the tool gives better urbanism for green neighborhood, by implementing minor changes
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in design and construction phases (changing location and orientation), which doesn’t
affect the prototype design, as it just affect the infrastructure networks.
8.1.3 Buyers willingness to pay cost premium
From the conducted questionnaire as shown (Figure 68), respondents (buyers) realize
the value of the visual quality parameter and are willing to pay more to get such
parameter.

Figure 68: Visual Quality Index versus the Cost of the Unit
to the Buyer

8.2 Future works
There are several potential improvements to the research quantification process and the
SAT model presented in this study. These include:
8.2.1Decoupling the visual quality indices
In this research, visual quality indices were dealt with and examined as coupled indices.
Successfully, the two indices were measured, quantified and linked to the developed
model algorithms. Future research is needed to decouple these two indices and separately
quantify each one of them for more accurate results and outcomes.
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8.2.2 Considering more aesthetic indices:
The SAT model is considering the visual quality parameter. Future research is suggested
to include the quantification and measurement of other indices (Equation 8.1).
𝐿𝑈𝐷𝐼 + 𝑊𝐵𝐶𝐼 + 𝑉(𝐼+𝑅) + 𝑆𝑂 + 𝑆𝑆𝐼 + 𝐿𝐶𝐶 + 𝑅𝑇𝐿 − − − − − − − (8.1)

Where:

LUDI: Land use diversity Index- Interpreting land use pattern thresholds
WBCI: Water Body Conservation Index- % of the purity of water inside the Site”
Neglecting the Land topography”
V (A+R): Visual Quality Parameter “Visual Impact (VI) + Visual Resources (VR)”giving the min. average of the” average of the horizontal grid allocated inside each unit”
SO: Solar Orientation- Orient all prototypes with respect to Site Forces
SSI: Self-shading index- Maximizing the self shading between dwelling units”
Neglecting the Landscape”
LCC: Land Carrying capacity- development density is 7 units per acre for medium
density and 8-10 units per acre for high density patterns
RTL: Right to light Access index (Figure 69).

Figure 69: Right to light Index demonstration
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8.2.3 SAT Model:
The SAT model designs limitations and constraints in order to be released in future
research; this enables a more generic model. Recommendations for future research are
listed as follows in (Table 28).
Table 28 : SAT model improvement for future research

SAT program Improvement

Category

1

NO limitation in units shape and size: The user to enter the developments’ units
shape and size

Input

2

NO limitation in units heights: The program to test multi story residential units (2floor units and more)

Input

3

NO limitation in having three dimensional line of vision: The program to test
windows in upper stories and perform visibility analysis between ground, first,
second…etc floors units.

Cone of Vision
Algorithms

4

NO limitation in number of focal points or Natural Resources on site: The
program to generate solutions for units' arrangement.

Natural Resource
Exposure Calculation
Algorithms

5

Units' windows to be classified as (wet areas' windows), ( Bedrooms'
windows) and ( interaction spaces' windows): Visibility Calculations to be done
to all windows and to be categorized as the actual visible area to be calculated as
follows:
Unit (x) Visual Impact Index =∑( Actual visible area by other wet areas
Actual visible area by other Bedrooms+ Actual visible area by other
interaction areas ( Reception)

Actual Visible Area
Algorithms (Visual
Impact Index)

6

Land topography to be considered in the visibility calculations to give better solutions

Input
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